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PRIOFACR 


Thk soastming and kiln-drying of wood is such an im- 
pt>rtant. pro<*«‘ss in manufsic-turo of woods that a need 
for fiillor inforinuti<m regarding it, biused upon scientific 
study of th<‘ l)ehavior of various species at different me- 
clnmical 1t‘inp(‘ra.iur(‘s, and under different drying proc- 
ess<*s, is k<‘(‘nly f(‘lt. lOveryone connected with the wood- 
working industry, or its usci in inanufacturcd products, 
is well aware of the difficulties encountered in properly 
s(‘asoning or removing the moisture content' without injury 
to the^ 1iml)(‘r, and of its suseept.ihilit.y to atmospheric con- 
ditions aft(^r it luis iunm thoroughly seasoned. There is 
perhaps no mat (‘rial or substance that giv(« up its moisture 
with mon^ r(‘sistan(*(^ than woo<l does. It vigorously defies 
tln‘ (‘ITorts of liuman ingemuity to take away from it, without 
injury or <lestnietion, that with whic^h nature has so 
generously supplied it. 

In th<^ past. but. litth^ has been known of this matter 
furtluT than tlu^ fact that wood contained moisture which 
hail to bc! ri‘movi‘d bi'fore the wood could be made use of 
for coimnereial purposes. Within recent yeai-s, however, 
considerable interest has biwui awakened among wood- 
users in the operation of kiln-drying. The losses occa. 
sioned in air-drying and improper kiln-drying, and the 
necessity for getting the material dry as (piickly as pos^ 
sibh^ after it has come from the sjiw, in order to prepare 
it for manufacturing purposes, are bringing about a realizii- 
tion of the importancii of a technical knowledge of the 
subject. 

"I'lu^ author desiri‘s t.o {express his acknowledgement to the 
various (lovernment reports indicat.ed below, from all of 
whii'h h(» luiH nuult^ lilx^ral ext-nict-s: 
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Tliroughout the book the aim luus been to give facts, jind 
wherever a machine or appliance lian been illustrat(‘d or 
commented upon, or the naino of the makers nwmlioiu'd, 
it has not been with the intention eitlu^r of nuaiinnumding 
or disparaging his or their work, but wtis used nuu-<‘ly as an 
aid in illusti-ating the text. 

Readers who desire a more extended t-n^at-ise on the 
subject will find Dr. Tiemann’s “Kiln Drying of Lundxu*" 
im invaluable aid. 
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SEASONING OF WOOD 

SECTION I 

TIM BEE 

Characteristics and Properties 

Timber was probably one of the earliest, if not the 
earliest, of materials used by man for constructional pur- 
poses. With it he built for himself a shelter from the 
elements; it provided him with fuel and oftiiincs food, 
and the tree cut down and let across a stream formed the 
first bridge. From it, too, he made his “dug-out” to 
travel along and across the rivers of the district in whicli 
he dwelt; so on down tlirough the ages, for shipbuilding 
and constructive purposes, timber has continued to our 
own time to be one of the most largely used of nature’s 
products. 

Although wood has been in use so long and so universally, 
there still exists a remarkable lack of knowledge ix'gard- 
ing its nature, not only among ordinary workmen, but 
among those who might be expected to know its proper- 
ties. Consequently it is often used in a faulty and waste- 
ful manner. Experience has been almost the only teacher, 
and theories — sometimes right, sometimes wrong — 
rather than well substantiated facts, lead the workman. 

One reason for this imporiect knowledge lies in the fact 
that wood is not a homogeneous material, but a compli- 
cated structure, and so variable that one piece will behave 
very differently from another, although cut from the same 
tree. Not only does the wood of one species differ from 
that of another, but the butt cut differs from that of the 
top log, the heartwood from the sapwood; the wood of 
the quickly-grown sapling of the abandoned field, from 
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that of tho slowly-srown. <>1«1 immarrh i)f tho forost. Kvon 
the manuor iu whioh flu‘ troo was cut ami kci>{ inllucuc(‘s 
its boluivior ami <[uaUty. It is tht'rcforc t‘xtrcmcly dif^ 
fieult to study the luatiTial for tht* fsirpoM- of (‘stablish- 
iu{? general laws. 

The cxp(*ri(‘ncctl woodsman will lo*)k f«»r slraight- 
graiued, long-Uhrcd woods, with tlw‘ ahsonct* of liisturl)- 
ing resinous and coloring mutter, Knots, etc,, ami will 
quickly <listinguish th<‘ m{>r<‘ porous n'd or Itl.acK oaks frotu 
the less porous white spt'cics, ijmrrus 'I'hat the 

inspectioJi shouhl hav(‘ regani to defects ami unliealthy 
cjonditions (often indicateci by color* goes without saying, 
and such inspection is usually pivu'tistal. Th.nt knots, 
oven the smallest, are d<‘fects, which for some uses «‘t)n- 
domn the mat(‘rial entirt'ly, masi hardly bt‘ mentiont‘d. 
But that “s(*!ison-checks,’' <‘veu those (hat h.avt* chtstal 
by subse(|uent shrinkagts r<*main t‘lemt*n(s t>f weakn«‘ss 
is not St) readily appreciated; yet (laTi* cannot be any 
dotibt of this, since tlu‘se, th«‘ intimati* eonne«>tit>ns of 
the wootl libres, when once interrupted are nevi‘r re- 
established. 

(direful woods-for<aneu and manufju’tun'rs, therefore, 
are concerned as t.o the manmu' in which their timlxu' is 
treated after the felling, fi)r, ac<'ording to the more fu- less 
careful setisoning of it, the s<*!ison checks not altogt'ther 
avoidable • are more or less abttmlant. 

There is no country where wood is more lavishly us(‘d 
or criminally neglected than in tlu‘ I'nited States, :uul 
none iu which nature has more; bountiftdly provid«‘d ha* 
all reasonable re(iuirem(‘nts. 

In the absence of prop<*r elTorts to si‘cure r<*production, 
the most valuable kinds are rapi<lly being tle<Mmat«*d, and 
the necessity of a more rational ami cart'ftil of whjit 
remtuns is clearly apparent. By greater <*ur<* in seh'ction, 
however, not only will the <lurath>u of tlu‘ supply be ex- 
tended, but more satisfactory results will ticcrue from its 
practice. 

There are few more oxtonsivo and wi<le-rcuw*hing sub- 
jects on which to treat than timber, which iu this book 
refers to dead timber — the timber of coininerco - - as 
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distinct from the living tree. Such a great number of 
different kinds of wood are now being brought from various 
parts of the world, so many now kinds are continually 
being added, and the subject is more difficult to oxphiin 
because timber of practicidly the same chara<ftor whicih 
comes from diffei’ent localities goes under tUfTorent names, 
that if one were always to adhere to the botanical name 
there would be less confusion, although even botanislis 
differ in some cases as to names, lilxcopt in the (uuses of 
the older and better known timboi*s, one rarely tiakos up 
two books dealing with timber and finds the botani(ral 
names the same; moreover, trees of the same speci{'s may 
produce a much poorer quality of timber when obtained 
from different localities in the same comitry, so that, botani- 
cal knowledge will not always allow us to tUspense with 
other tests. 

The structm’e of wood affords the only reliabk^ nutans 
of distinguishing the different kinds. Ck)lor, weight, smell, 
and other appeiirances, which are often direc.t or indirect 
results of structure, may be helpful in this distinction, 
but cannot be relied upon entirely. Furthermore, striu;- 
tui’e underlies nearly all the technical properties of this 
important product, and furnishes an cxi>lanat.ion why one 
piece diffem in these properties from anot.her. St,ru(!t,ure 
explains why oak is heavier, stronger, and tought‘r tiian 
pine; why it is luu-dcr to sjxw and plane, and wliy it is so 
much moi*e difficult to season without injury. From it.s 
less porous structure alone it is evi<lent that a piece of 
young and thrifty oak is stronger than the porous wood 
of an old or stunto<l tree, or that a (Jeoi’gia or long-leaf 
pine excels white pine in weight aird strengtli. 

Keeping especially in jnind the aiTangement and dire<!- 
tion of the fibres of wood, it is clear at once why knots and 
'' cross-grain” interfere with the strength of timber. It 
is due to the structural peculiarities that “honey-combing” 
occTirs in rapid seasoning, that chocks or cracks extend 
radially and follow pith rays, that tangent or “bastard” 
cut stock shrinks and warps more than that which is 
quarter-sawn. Those same peculiarities enable oak to 
take a better finish than basswood or coarse-grained pine. 
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SIOASOXIXCJ OF 


Structure of Wood 

Tho softwotxls aro laatlo up chiufly of frai'la‘l<is. «>r 
vortical colls clostnl at th<‘ tuals, aiul of the r<*lativoly ,>h(U't 
pirn'iichynui ct‘lls of th<‘ uuMluHary rays which I'xfctai 
radially from tho heart, of tlu* tn‘<*, 'The ootir^* of tla* 
traclu'ids ami tho rays an' at rijrld anj;h‘S to <*!ich <tthcr. 
Although tho tracheitis have tht'ir pcriu«*ahlc portions or 
pits in tlu'ir walls, rujuids cannot pass tlirough thorn uith 
tho greatest, oast'. Tlit' softwtMxls tlo not ctmtain “ pores’’ 
or vosst'ls anti art^ tlit'rt'ft»rt' callt'd ** non-porous” woods. 

'riit' hartlwootls are not so simph' in stinictnn* as soft- 
wtKxls. 'rhoy contain not only rays, and in in.any caM‘s 
tracheitis, hut alst> thick-walh'tl colls callctl lihrcs ;intl wood 
pjironchyma rt>r tlu* storagt' tif such foo«ls .as starches ami 
sugars. Tht' princi[)al struct tiral ft‘aturt*s of th<‘ h.anl- 
waxuls are tht' pt>rt's or vt'sst'ls. 'I'ht'st' art' h*ng tuht's, tlu' 
segments t>f which a.rt‘ matlt* tip of ct'lls which have lo^t 
their end wtUls ami jtnnt'tl t*ntl to t'ud, forming ctmtinuous 
“pipe lines" from Iht' roots tt> tht' h'avt's in tht' tree. Since 
tlu'y pttsst'ss ptu'os tu* vt's.st'ls, tht* hardwootls ;in‘ cjilled 
“porous" wotxls. 

Rotl otik is sin excellent t'xamplc t>f a. porous wtxxl. In 
white t>a.k the ves.sols of tho ht'arl wtxxl t'spt*eially art' 
closotl, very gont'rally l)y ingrt>wths callt'tl tyhisi's. 'Phis 
prtihahly explains why rotl t)ak that's mort' t'.’isily ami 
rapitlly than whit.t' t»ak. 

Tho rotl and hlack gums are pt'rhaps tht' simph'st of thi' 
hartlwootls in struoturo. 'Phey art' tt'rmt'tl “tlifYu.si‘ po- 
rous” wtxuls hecauso of tho numt'rous stadtt'rt'tl pttrt's 
they ctintain. "Phtty have only vt'sst'ls, wtxxl fihrt's, ami 
a few parenchyma colls. 'Pint nu'tlullary rays, alllmugh 
presold., aro scarcely visihlo in most Instanci's. 'Pht* 
vessels aro in many ciusos t>pen, and might Imi oxpeelt'd tt> 
offer relatively little ixisistanco t.t) tlrying. 

Properties of Wood 

Certain general propcrtitis t>f wt>t)tl inny bo dis(*usH(‘tl 
briefly. We know that wood substance htis the propt'rty 
of taking in moisture from the air until some bulaueo is 
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reached between the humidity of the air and the moiHturc 
in the wood. This moistm’e which goes into the coll walls 
is hygroscopic moisture, and the property which the wood 
substance has of taking on hygroscopic moisture is termed 
hygroscopieity. Usually wood contains not only hy- 
groscopic moisture but also more or loss free water in the 
coll cavities. Uspociidly is this true of sapwood. The 
free water usually dries out (luitc rapidly with little or no 
shrinkage or other physical change. 

In certain woods — for oxamiilo, E-ucali/plus {/lohuluft and 
possibly some oaks — shrinkage begins almost at once, tlius 
introducing a factor at the very start of the soiusoning i)roc- 
oss which makes these woods very refractory. 

The coll walls of some species, including the t.wo already 
mentioned, such as Western red cetlar and i-edwood, ])e- 
come soft and plastic when hot and moist. If the fibres 
are hot enough and very wet, they arc not strong enough 
to withstand the resulting force of the al.m(>splun‘i(t prc's- 
sure and the tensile force exertetl by the tlei)arl.ing free 
water, a:id the result is that the cells actually collapse'. 

In general, however, the hygroscopic moisture neces- 
sary to saturate the cell walls is termed the? “fibre sat.ura- 
tion point.” This amount has been found to be from 
25 to 50 i^er cent of the dry wood weight. Unlike Jiu- 
cali/pliis (jlohiduH and certain oaks, the gums do not begin 
to shrink until the moisture content has been reduced t.o 
about 50 per cent of the dry wood weiglit. Tlu'se woods 
are Jiot subject to collapse, although their fibres Iw'coine 
very plastic while hot and moist. 

Upon the peculiar properties of each wood depends the 
difficulty or ease of the seasoning process. 

Classes of Trees 

The timber of the Unite<l Staf.es is furnished by three 
well-defined chisses of trees: (1) The needUvloavcd, naketl- 
seoded conifers, such iis pine, cedar, etc., (2) the broad- 
leaved trees, such as oak, poidar, etc., and (5) to an 
inferior extent by the (one-seed leaf) i)alms, yuccas, 
and their allies, which t\xo confined to the most southern 
parts of the country. 
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SIOAS(>NIN(} OK WOO!) 


Broa(l-loavo<l troos an* also known as <l<*<‘i<iuoiis tr<‘<‘s, 
alih<mjj;h, (‘spofially in warm count ri(‘s, many of them an* 
everg:rc(*ii, while the iu*<‘(lle-leave<l trees u*ttnif(‘rs) are 
commonly termed "evergn'ens," althoup:h the* larch, hald 
cypress, and others she<l their h*av<*s <‘V(*ry fsdl, au<l t'vaai 
tlie names “ l)r<»ad-leaved” ami “ conift'rous, " though per- 
haps the most, satisfactory, are not at all <‘xact, for tlu* 
conifer “p;inkj2:o” luis hianul l(*avcs ami lH*ars mv corn's. 

Among the woodsmen, tlie woods of l>ro:nl-lc,avctl tr«*es 
are known as “hardwood.s,’’ though poplar is jis soft as 
pine, and the “coniferous woods” are known .as ‘’.soft- 
woods,” notwithstanding the fact th,a.t yew ranks high in 
hardness <‘veu when eompare<l with " hanlwoods.” 

Both in the mimber of dilh'rent kinds of trees or sp(*cies 
and still more in the importance of tln*ir |>ro<hict, tla' coni- 
f(>rs and hroad-leavial trt'cs f.ar <‘xc<*l tla* palms ami tla*lr 
i*elatives. 

In the manner of their growth both the conifers and 
broad-leave<l tr(*es beluu’c alik<*, adding ea<‘h y<‘ar ,a new 
layer of wood, which covers tin* old wood in all jairts of 
the stem and limbs. 'Khus tin* trunk contiimt*s to grow 
in thickness throughout the life of tin* tre<‘ by a«ldi(ions 
(annual rings), which in temi)erat(* climsdes are, barring 
accidents, accurate records of tin* tree. With the jadms 
and their relatives the. stem remains g<'n(*rally of tin* same* 
diameter, the tree of a hundred y(*ars «>ld bt*ing as thick 
as it was at ten years, the growth of thes<* bt*iug only at 
the toj). Kven where a i)eripln*ral in<‘r(‘i»s<‘ takes pl.-ice, 
iis in the yuccas, the wood is not lahl on in wcll-d(*lim*{l 
layers for the structure remains irn'gular throughout, 
Tho\igh alike in tln^ mam\er of their growth, and tln'refon* 
similar in their gcixeral makii-up, conifers uml brtMtd-h‘av<‘d 
trees dilTer markedly in the <letails of their st met ure ainl 
the character of their wood. 

The wood of idl conifers is very simple in its structun*, 
the fibres composing the main part of the w<M>d all being 
alike and their arrangement regular. The wood of the 
broad-leaved trees is complex in structure; it is made up 
of different kinds of colls and fibres atul lacks the regu- 
larity of arrangement so noticeable in the conifers. Tliie 
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difference is so great that in a study of wood structure it 
is best to consider the two kinds separately. 

In this country the great vai-iety of woods, and especially 
of useful woods, often makes the more distinction of the 
kind or species of tree most difficult. Thus there are at 
least eight pines of the thirty-five native ones in the mar- 
ket, some of which so closely resemble each other in their 
minute structure that one can hardly tell them apart, and 
yet they differ in quality and are often mixed or con- 
founded in the trade- Of the thirty-six oaks, of which 
probably not less than six or eight are marketed, wo can 
readily recognize by means of their minute anatomy at 
least two tribes — the white and black oaks. The same 
is true of the eleven kinds of hickory, the six kinds of ash, 
etc., etc* 

The list of names of all trees indigenous to tin’s United 
States, as enumerated by the United States Forest Service, 
is 495 in number, the designation of “tree” being aj)- 
plied to all woody plants which produce naturally in f.heir 
native habitat one main, erect stem, bearing a definite 
crown, no matter what size they attain. 

Timber is produced only by the Sperniatophyta, oi’ 
seed-bearing plants, which are subdivided into the (lyin- 
nosporms (conifers), and Angiospenns (broad-leaved). 
The conifer or cone-bearing tree, to which belong t.he pines, 
larches, and firs, is one of the three natural orders of (5yin- 
nosperms. Those arc generally classed as “softwoods,” 
and arc more extensively scattered and moi*e geiu'rally 
used than any other cla,ss of timber, and arc simple and 
regular in structui’c. The so-called “hardwoods” are 
“ Dicotyledons” or broad-leaved trees, a subdivision of 
the Angiosperms. They arc generally of slower growth, 
anti produce harder timber than the coniftu's, but not 
necessarily so. Basswood, pojfiar, sycamore, and some 
of the gums, though classed with the hardwoods, arc not 
nearly as hard as some of the pines. 
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(U>NIFHKM>rS tim:hs 


WOOD OK THK ('ONIKKUol'S TUKKS 


KiXAMiN'iNt! SI smootli <*!’<»ss-s<‘ctiou «)r nul Isn’t* «>!' :i well- 
grown log of (loorgisi phu*. \V(‘ tiistiugiii>li sin envelopt* <»f 
roildish, sesily hsirk, si snisill, whitish jiith sit the fontor, 
sunl Ix'twi'iMi thoso tlio wood in si grosit mmilier «tf rou- 
ccntrio rings. 

Bark and Pith 

The bsirk of si pin<‘ sliMii is thirkosl sind roughest nesir 
th(^ hsiso, d('('r<*sis<‘s rsipidly in thickness fnmi one to one- 
lisilf inclu's sit. th(‘ stump to oni'-ti'utli inch nesn* tin* top 

of tho tr(‘(‘, Sind forms in geni'rsil stlsml ten to tifteen jter 

cent, of tho ontiri* trunk. Thi* pith is ijuite thick, u^usilly 
ono-oightli to ono-fiftli inch in .southern specie**, though 
much h'ss so in whiti* pint*, and is very thin, one lifteenth 
to one IwiMity-tifth inch in cypre.ss, c(‘tlsir. siinl Isirch. 

In woods with si thick pitli, tin* pith is linest at the 
stump, grows rsipidly thicker toward the top. and he- 

comos thinner sigsiin in the crown and limbs, the lirst one 

to live rings sid, joining it Ix'hsiving similarly. 

Whsit is esilled the pith wsus onci* tlu* sis'dling tree, sind 
in msiny of the pines and (irs, espi’cially after tln‘y hsive 
been seasoning for a good while, this is distiiwtly iiotici*- 
able in the center of tlie log, jind iletaches itself from the 
surrounding wood. 

Sap and Heartwood 

Wood is composed of diiramett or heartwood, ami sd- 
burnum or sapwood, and when dry consists approximately 
of 49 per cent by weight of csirbon, i\ jx»r cent of hydrogeti, 
44 per cent of oxygon, and 1 per cent of ash, whi(di is fairly 
uniform for aU species. Tho sapwood is tho external and 
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yo\ingeRt portion of the tree, and often constitute^ a very 
consi(lerable proportion of it. It lies next the barl^, and 
after a course of years, sometimes many, as in the case of 
oaks, sometimes few, as in the case of firs, it becomes 
hardened and ultimately forms the duramen or heartwood. 
Sapwood is generally of a wlfite or light coloi*, almost in- 
variably lighter in color thaix the heartwood, and is very 
conspicuous in the darkcr-coloi*od woods, as for instance 
the yellow sapwood of mahogany and similiar colored 
woods, and the reddish brown heartwood; or the yellow 
sapwood of Lignuvi-vilae and the dark green heiirtwotxl. 
Sapwood forms a much larger proportion of some trees 
than others, but being on the outer circumfereneo it always 
forms a large proportion of the timbci-, and even in sound, 
hard pine will be from 40 per cent to (iO per cent of the 
tree, and in some cases much nu>re. It is really imperfiuit 
wootl, while the duramen or heartwood is the ]>erfeci wood; 
the heai'twood of the mature tree was the saixwoocl of its 
earlier years. Young trees when cut down ai'e almost 
all sapwood, and practically useless as good, sound limber; 
it is, however, through the sapwood that the life-giving 
juices which sustain the tree arise from the soil, and if the 
sapwood bo cut through, as is done when “girdling,” the 
tree quickly dies, as it can derive no further noiu-ishment 
from the soil. Although absolutely necessary to the grow- 
ing tree, sapwood is often objectionable to the usc'r, as it 
is the first part to decay. In this sapwood many ec’ills a,i'e 
active, stoi-e xxp starch, and otherwise assist in the life 
pi'ocesses of the tree, although only the last or outier layer 
of colls foi'iixs t.ho growing part, and the true life of the tree. 

The duramen or hcai-twoo<l is the inner, darker ])art of 
the log. In the heartwood all the cells are lifeless cases, 
and serve only the mechanical function of keeping the 
tree from bi'caking under its own gi*oat weight or from 
being laid low by the winds. The dai'kcr color of the 
heart. wood is duo to infiltration of chenxical substances 
into the coll walls, but the cavities of the colls in pine art's 
not filled up, as is sometimes believed, nor do their walls 
grow thicker, nor are the walls any more liquified than in 
the sapwood. 
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SlvASONINtl i0‘ 


Sai>w(MHi varit's in wiiith ai»l in thi* nuiuixM' uf riuns 
which it contains t*vcn in tlitYoiHMit part- of ihr "miih* tn'c. 
The same year’s jjriovth wiiifh i" ''apwood in uiio part of 
a tiisk may l>e heartwotui in anoiluT. SapwoinJ in widest, 
in tlte main part of the >feni atai ofttm \ani‘' within eon- 
sitlerai)h‘ litnits ami witiumt apparetit roynlarity. < len- 
erally, it l»ecomes narrowin* toward the top and in the 
limhs, its width varying with the 4liann'tor, ami iti'in^ 
t lie least in a ^iven tiisk on tin* siile wliieli In'c* tin* ‘•liortt'st 
ratlins. Sapwotal tif old and slnntotl pim- i*- t’o]M|)o*.i‘d 
of mt>re rinfjjs tliati that t>f younijc and thrifl\ ■“pofiinons. 
Thus in a pine two Immlreti ami tift\ soar*- olfl a la\or of 
wood or an animal rinfj; tlt»‘s nt*l flianiio frtun rapwood ti> 
heartwooil until st'vtmty t»r «‘i{j:lity \»‘ar'^ afior it i- l’i>rineii, 
while in a tret* one hun«lrt*<i yoar-- «>hl or h*'-'. it rt'inains 
sapwootl only frtun thirty to >i\ty ><*ar<. 

Tlu* wiilth of thf* sapwttoil \ari«‘s ct>n'‘i«h*ral»ly for «lif- 
ferent kinds of pint*. It is small for hmii: loaf ami whitt* 
pint* suid j?rt*at for loldtdly anti N«»rwa\ pitn**^. ( >eonp\ - 
in{? the pt*ripht'ral part of tin* trunk, tin* jiroportion which 
it forms t>f the t*ntirt‘ mass of tin* stt*!!! i- alwa\'' ^‘roat. 
'Phus evt*n in oltl lon{j;-lt*af pines, the ^apwood fi>rni'‘ li> 
per cent t)f tin* mt‘rchant!d«lt* loji. whih* in tin* lohlolly 
anti in all ytmnfj; trt*t*s tin* sapwotai forms tin* hulk of tin* 
Wt)t>tl. 


The Annual or Yearly Rings 

The ctnieentric smnual or yt‘arly rings which appear t>n 
the eiul fact* of a log are ertiss-sections of st» many thin 
layers tif wttotl. lOach such layt*r forms an t*nvt‘h*pt* artmml 
its inner neighhtn*, untl is in turn covt*rt‘tl hy the ailjoin- 
ing Ijiyer without, so that the wlmh* stt*m is huilt tip of 
u series tif thin, Indltiw cylintl<*rs, t>r rntht*r t*t»iH*s. 

A new layer tif w'tiotl is ft>rm<*il t‘ach st*astm. covering 
the entire stem, aw w'ell as all the living l»raneht‘.s. 'Phe 
thickness of this layer ttr the w'itlth t>f the yearly ring 
varies greatly in different trws, anti ulsti in tUlT<‘rent parts 
of the same tree. 

In a normally-grown, thrifty i)ine log tint rings art* withwt 
near the pith, growing more and more tmirow toward 
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the bark. Thus the central twenty rings in a disk of an 
old long-leaf pine' may each be one-eighth to one-sixth 
inch wide, while the twenty rings next to the bark may 
average only one-thirtieth inch. 

In our forest trees, rings of one-half inch in width occur 
only near the center in disks of very thrifty trees, of both 
conifers and hardwoods. One-twelfth inch represents good, 
thrifty growth, and the minimum width of one two hun- 
dred inch is often seen in stunted spruce and pine. The 
average width of rings in well-grown, old white pine will 
vary from one-twelfth to one-eighteenth inch, wliile in the 
slower growing long-loaf pine it may be one twenty-fifth 
to one-thirtieth of an inch. The same layer of wood 
is widest near the stump in very thrifty young trees, 
especially if grown in the open pai-k; but in old foi-est 
trees the same year’s growth is wider at the upper part 
of the tree, being narrowest near the stump, and often 
also near the very tip of the stem. Generally the rings 
are widest near the center, growing naiTower toward the 
bark. 

In logs fro 111 stunted trees the order is often re versed, 
the interior rings being thin and the outer rings widest. 
Frequently, too, zones or bands of very narrow rings, 
repi’csenting unfavorable pei’iotls of growtli, disturb the 
general reguhmty. 

Few tz'oes, even among pines, furnish a log wif,h truly 
circular cross-section. Usually it is an oval, and at the 
stump commonly (luito an iircgular figure. Mort'over, 
even in very regular or circular disks the i)ith is rarely in 
the center, and freciucntly one raclius is conspicuously 
longer than its opposite, the width of some rings, if not 
all, being greater on one side than on the other. This is 
nearly always so in the limbs, the lower radius cxcoetling 
the upper. In extreme cases, especially in the limbs, a 
ring is frequently conspicuous on one side, and almost 
or entirely lost to view on the other. Whore the rings 
are extremely narrow, the dark jzortion of the ring is ofrim 
wanting, the color being quite uniform and light. The 
greater regularity or irregularity of the annual rings has 
much to do with the technical qualities of the timber. 
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SEASONING OF WOOD 


Spring- and Summer-Wood 

Examining tlio rings more clos(‘ly, it is noticed that, 
each ring is made up of an inner, soft(‘r, light-eol«>n*<i and 
an outer, or periplieral, firmer and dark<‘r-<*ol(>rtMf portion. 
Being forme<l in tlie rorej)art of th<‘ st'ason, tin* inner, 
light-colored part is tf'rnuul spring- \voo< I, the <»uter, darl«*r- 
portionod being the sununer-wood of tlu' ring. Sine«‘ tht' 
latter is very heavy ami firm it d<‘t(‘rmint*s to a very large* 
extent the weight ami strength of tin* wood, am! jis its 
darker color influences the shadt* of <‘olor of tin* t'litin* 
piece of wood, this <^olor efTect lM*comes a valuabh* jiid in 
distinguishing heavy ami strong from light ami soft pim* 
wooil. 

Ill most hard pines, like the long-l(*af, tin* dark suninn'r- 
wood apiiears as a distinct band, so tliat tin* yearly ring 
is composed of two sharply d(*fim*d bamls .'in inn<>r, 
the spring-wood, and an out.<‘r, tin* sunmn*r-w«>od. Uut 
in some cas(‘s, (U'en in hard pim*s, and normally in tin* 
woods of white i)ines, the spring-woo<l pass<*s graducdly 
into the darker summ(‘r-wood, so that a darkly <lefim*(l 
lino occurs only where tin* spring-wood of one ring abuts 
against the summer-w»)od of its neighbor. It is this cl(*arly 
defined lino which enables the eye to distinguisli ev(*n tin* 
very narrow lines in old pines and spruc<*s. 

In some cases, especially in the trunks of Southern pim‘s, 
and normally on the lower side of pim* limbs, tln*n* o<*cur 
dark bands of wood in the spring-wood portion of tin* ring, 
giving rise to false rings, which nnsl<*ad in a sup(‘rficial 
counting of rings. In the disks cut- from limbs fln*.se 
dark bands often occupy the great(*r part of the ring, ami 
appear as “lune-s,’' or sickl<vshape<l figur<*.s. 'I'he wootl of 
those dark bands is similar to f.hat of tin* true sununer- 
wood. The cells have thick walls, but. usually tin* <*om- 
pressod or flattened form. Normally, tin* suinim*r-wootl 
forms a greater proportion of the rings in tin* part of the 
tree formed during the period of t.hrifti(*st. growth. In 
an old tree this proportion is very small in th<^ first tw<i 
to five rings about th<^ pith, and also in tin*, part next to 
the bark, the intennodiato part showing a greater pro- 
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portion of summer-wood. It is also greatest in a disk 
taken from near the stump, and decreases upward in the 
stem, thus fully accounting for the diffei’oncc in weight 
and fii’mnoss of the wood of these different pai’ts. 

In the long-loaf pine the summer-wood often forms 
scarcely ten per cent of the wood in the central five rings; 
forty to fifty per cent of the next one hundi’cd rings, about 
thirty per cent of the next fifty, and only about twenty 


per cent in the fifty 
rings next to the 
bark. It averages 
forty-five per cent of 
the wood of the 
stump and only 
twenty-four per cent 
of that of the top. 

Sawing the log into 
boards, the yearly 
rings are represented 
on the board faces 
of the middle boai'd 
(i-atUal sections) by 
narrow parallel strips 
(sec Fig. 1), an in- 
ner, lighter stripe 
and its out er, darker 
neighbor always cor- 
responding to one 
annual ring. 

On the faces of the 



1. Boiinl of Pino. CVS, orosH-sf^olion; H.S, 
nidinl suction; TS, iiinjiftMit.ijil .s(‘(d.ion; 
itfr, suiniiK^r-wood; «/>//», Hi)rinji:-\vooil. 


boards nearest the slab (tangential or bastar<l ])oards) tlio 


several years’ growth should also appear as parallel, but 
much broader stripes. 'This they do if the log is short 
and v<>ry i>erfect. Usually a vtiriety of pleasing ijatterns 
is displayed on the boards, depending on the position of 
the saw cut and on the regularity of growth of the log 
(sec Fig. 1). Where the cut passes through a prominence 
(bumi5 or crook) of the log, irregular, concentric circlets 
and ovals arc produced, and on almost all tangent boards 


arrow or V-shaped forms occur. 
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wSEASONlNO OF WOOD 


Anatomical Structure 


Holding a well-smoothed <lisk: or cross-section onc- 
eighth inch tluck toward the light, it is reswlily st‘('n that, 
pine wood is a very porous structure. If viewcnl with a 
strong magnifier, the little tubes, especially in the si)ring- 
wood of the rings, arc easily tlistinguished, aiui tlu‘ir ar- 
rangement in regular, straight, radial rt>ws is appa.r<Mit. 

Scattered through the summer-wood portion of th<‘ 
rings, numerous irrogulai* grayish dots (.tlu‘ resin dm-ts) 



disturb (lu‘ uniform- 
ity and regularity of 
the stru(dur<‘. Mag- 
nified one huinirt'd 
limes, a pi <*<•(' of 
sj)ru<*(‘, \vhi<*h is sim- 
ilar to pints pr<‘.sents 
a pictur<‘ likt' that, 
shown in I‘’ig. 2. 
Only short, pit'ces of 
the tul)(‘s or et'lls of 
which tin* wootl is 
compost'd art' rt'pre- 
sentt'tl in the picture. 
The total It'ngth t)f 
tluwe fibres is frtnn 
tme-t went it't h tt>tmt‘- 


Fig. 2. WtMxl of Spruft*. I, iml.iinil Histt*; 2, 
small pari, of otx' ring magiufl(Hl 100 
iimoH. I’lit' vt'rl.idjil l.ubcH am wood 
fil)TOH, in l.hia fast' all “l.ra.<ilic>i<lH." /w, 
naxhillary or pith rjiyi «, Iranavorat* 
tnichridH of ray; n, It, iintl r, hortU'rtnl 
pits of t.h(' tratduada, nioit' rnlargtHl. 


fifth inch, bt'ing tht' 
smtillt'st nt'jir the 
pith, anti is fifty ft) 
tme humlrt'tl timt's 
as groat as their 
witUh (see Fig. li). 


They are taperetl and cIoscmI at t.heir ends, polygonal or 


rounded and thin-wallo<l, with larger cavity, lumt'u or in- 


ternal space in the spring-wootl, anti thick-walh'tl anti 


flattened radially, with the internal space or lumen mnt'h 
reduced in the summen-wood (see righi.-hand porlitm 
of Fig. 2) . This flattening, together witlx the thickt'r walls 


of the cells, which reduces the lumen, causes the greater 
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irmness and darker color of the summer-wood. There 
3 more material in the same volume. As shown in the 


igure, the tubes, cells or “tracheids” are decorated t)n 
heir walls by circlet-like structures, the “bordered pits,” 
sections of which ai’e seen more magnified as a, 6, and c, 
Fig. 2. These pits ai-e in the nature of pores, covered 


3y very thin membranes, and serve as water- 
ways between the cells or tracheids. The dai-k 
lines on the side of the smaller piece (1, Fig. 2) 
appear when magnified (in 2, Fig. 2) as tiers 
of eight to ten rows of cells, which run radially 
(parallel to the rows of tubes or tracheids), 
and are seen as bands on the radial face and 
as rows of pores on the tangential face. These 
bands or tiers of cell rows are the medullaiy 
rays or pith rays, and are common to all our 
lumber woods. 

In the pines and other conifers they are quite 
small, but they can readily be seen even with- 
out a magnifier. If a radial surface of split- 
wood (not smoothed) is examined, the entire 
radial face will be seen almost covered with 
these tiny structures, which appear as fine but 
conspicuous cross-lines. As shown in Fig. 2, the 
cells of the mcdulltuy or pith are smaller and 
very much shorter than the wood fibre or 
tracheids, and their long axis is at right angles 
to that of the fiber. 

In jjines and spruces the colls of the upper 
and lower rows of each tier or pith ray have 
“boi'dered” pits, like those of the wood fibre 
or tracheids proper, but the colls of the inter- 
mediate rows in the rays of cedars, etc., have 
only “simple” pits, i.e., pits devoid of the 
saucer-like "border” or rim. In pine, many 
of the pith rays tire larger than the majority. 



Fig. 3. CJnnip of Fibres from Fine Woo<l. Partly Robenmtio. The liUlo 
oiroloH are “Ixmler pita” (ace Fig. 2, «-c). The tnuiaverae rows of 
square pits indicuite the plamm of conljMtt of tlu^ao filmvt and the cells 
of the neighboring pith rays. Magnified about 23 times. 
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each containing a whitish lino, tho horizontal ivsiii <lnol, 


on tho cross-soction. Thi' larger vortical iTsin (lu(‘ts ai'(‘ 
best observed on removal of the bark from a frt'sh |)i(‘ce 
of white pine cut in the winter wlm they appear as con- 
spicuous white lines, (‘xteiiding often for many inches up 
and down the stem. Neither the horizontal nor the v(‘rti- 
cal rosin duets are vessels or cells, but aiv opmiings between 
colls, u'., intercellular spaces, in which th(‘ ivsin acciiniii- 
latos, freely oozing owi wlimi the ducts of a fresh piece of 
sapwood ai'o cut.. They are prewmi. only in our coniferous 
woods, and oven hero t.hey are restricti'd to pine, spruc(\ 
and larch, and are normally absimt in lir, cedar, cypress, 
and yew. Altogether, the striictuiv of coniferous woods 
is very simple and regular, th(‘ bulk b(‘ing mad(‘ up of tin* 
small fibres called tracheids, the disturbing ehmieiits of 
pith rays and resin ducts being insigiiiticant, and heiiiT 
the groat uniformity and great techui('al valu(‘ of coniler- 
ous woods. 
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CEDAR 

Light, soft, stiff, not strong, of fine texture. Sai>- and 
jartwood distinct, the former lighter, the latter a tlull 
•ayish brown or red. The wood seasons rapidly, shrinks 
id checks but little, and is very duralilc in contact with 
le soil. Used like soft pine, but owing to its gi’cat diirji- 
ility preferred for shingles, etc. Cedars usually occur 
jattcred, but they form in certain localities forests of 
msidorable extent. 


(a) White Cedars 

. White Cedar (Thuya occidenlalis) (Arborvita?, Tree of 
Life). Heartwood light yellowish brown, sapwood 
nearly white. Wood light, soft, not strong, of fine 
texture, very durable in contact with the soil, v(uy 
fragrant. Hcatterod along streams and lak(^s, fre- 
quently covering extensive swamps; rarc'ly largo 
enough for lumber, but commonly used for feixio 
posts, rails, railway ties, and shingles. ''I'his s])ecies 
has been extensively cultivated as an ornam(‘nt,al tree 
for at least a century. Maine to Minnesota and 
northward. 

2. Canoe Cedar (Thuya yigaiUea) (Rod C^edar of the West). 

In Oregon and Washington a very largo ti’ee, cover- 
ing extensive swamps; in the mountains imuih smaller, 
skirting the water courses. An important lumber 
tree. The wood takes a fine polish; suitable for 
interior finishing, as there is much viiriety of shading 
in the color. Washington to northcni California 
and eastward to Montana. 

3. White Cedar (ChamcBcyparis thyoides). Medium-sized 

tree. Heartwood light brown with rose tinge, sap- 
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wood pidor. Wootl light, soft, not strong, close- 
grainod, easily worked, very tlnrahle in <’ontaft with 
the soil and very fragrant. Tsetl in boatlmiltlin}];, 
cooperage, int<*rit>r iinish, feiua* posts, railway ties, 
etc. Along the coast from Maine to Mississi{)pi. 

4. White Cedar ((^hatnurifpans LinvifoHituKt) (Port Or- 

fortl (Vdar, Oregan (Vdar, Lawson’s (’ypr<*ss, < Jing(‘r 
Pin{‘). A very large tr<‘<*. tin<*, clo.s(‘-grain(‘(l, 
yellowish-white, dnrahle tiinlan', t'lastie, easily work<‘tl, 
free of knots, and fragrant. lOxtensivc'ly cut for 
lumber; heavier and strong(‘r than any «>f th<‘ pn*- 
ceiling. Along the coast lin(‘ of ()reg<m. 

5. White Cedar (Lihoccdruft (ItTurrcns) (Ine<‘ns(‘ (’<Mlar). 

A large tree, abundantly Kcaftt‘r(‘<l among piin* and 
fir. Wood fme-grain<‘d. ( 'nsead<‘s a n«l Sierra Nt'vada 
Mountaiiis of Or<‘gon and (’alifornia. 

6. Yellow Cedar ( f ’upmsss//,'* /M)e//i-n/c«.v/.s) (Alaska < ’<‘dar, 

Ahuska Oypress). A very large* tres*, mucli usesl for 
panelling and furniture. A (in<s ch»s(‘-grain<*<I, ye'l- 
lowish white, durable timber, e'asily workt'd. .\long 
the coast line of Oregon north. 

(b) Red Cedars 

7. Red Cedar (Juniperu-it Virgmiatut) (Savin .Juniper, 

Juniper, Red Juniper, Junipen* Hush, P<‘neil ( '(‘dar). 
Hoartwood dull red color, thin sapwotxl n<‘arly while. 
Close even grain, coitipact structun*. \V«>od light, 
soft, weak, brittle, (easily worktnl, durablt* in conlacd 
with the soil, and fragrant. Ust*d for ti<*s, posts, 
interior finish, pencil ctuses, cigar boxes, stios, tjinks, 
and especially for lead i)en(uls, for which ptirposc 
alone sovojral million feet are c\ifc each yt‘ar. A small 
to medium-sized tree scattered t,hrough tlu* fortwts, 
or in the West sparsely covering c^xtensivi^ arejw (cedar 
brakes). The red cedar is the most wuiely distributed 
conifer of the United States, occurring from the At- 
lantic to the Pacific, and from Florida to Minnesota. 



LIST OF IMPORTANT CONIFEROUS WOODS 19 


Attains a suitable size for lumber only in the Southern, 
and more especially the Gulf States. 

8 Red Cedar {Juni'perus communis) (Ground Cedar). 
Small-sized tree, its maximum height being al)<)ut 
25 feet. It is found widely distributed throughout 
the Northern hemisphere. Wood in its ciuality similar 
to the preceding. The fruit of this species is gathered 
in large quantities and used in the manufacture of 
gin; whose pecuhar flavor and medicinal properties 
are due to the oil of Juniper berries, which is secured 
by adding the crushed fruit to uxidistilled grain spii’it, 
or by allowing the vapor to pass over it before con- 
densation. Used locally for construction purposes, 
fence posts, etc. Ranges from Greenland to Alaska, 
in the East, southward to Pennsylvania and northern 
Nebraska; in the Rocky Mountains to Textis, Mexico, 
and Arizona. 

Redwood {Sequoia sempervirens) (Sequoia, California 
Redwood, Coast Redwood). Wood in its <iuality 
and uses like white cedar. Thick, red heartwood, 
changing to reddish brown when seasoned. Thin 
sapwood, nearly white, coanse, straight gi-ain, com- 
pact structure. Ught, not sti'ong, soft, voi*y durabk^ in 
contact with the soil, not resinous, easily worked, 
does not burn easily, receives high polish. Used for 
timber, shingles, flumes, fence posts, coffiixs, railway tics, 
water pipes, interior tlecorations, and cabinetmaking. 
A very large tree, limited to the coast ranges of Cali- 
fornia, and forming considerable forests, which arc 
rapidly being converted into lumber. 

CTTPRESS 

10. Cypress (Taxodium distinchum) (Bald Cypress, Black, 
White, and Red Cypress, Pecky Cypress). Wood in 
its appearance, quality, and uses similar to white 
cedar. “Black” and “White Cypress” are heavy 
and light forms of the same species. Heartwood 
brownish; sapwood nearly white. Wood close. 
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stniight-griiin, fmniontly full <»r small h<)l<‘s <*uus<‘<l l>y 
discsiso known as “pooky <*ypn*ss.” (Jrc'asy ap- 
poanuico and fooling. Woo<l light, soft, not strong, 
dimiblo in contact, with tho soil, tak<‘s a liiu* polisli. 
(.Iroon wood ofton vory heavy. l’so<i for carpontry, 
building oonstruotion, shingU‘s, (■o()porag<‘, railway 
tio.s, silos, tanks, vohiolos, and washing in.achiiK's. 
Tho (‘yi)ross is a largo, tlooiduons tr(‘c‘, inh.abiting 
awam])y lauds, and along riv<‘rs aiul oo.asts of (ho 
Soutlunai parts of iho I’nittnl States. (Inavs to a 
height of 150 foot and 12 f<‘ot in diamot<‘r. 

FIR 

This name is frocpiontly applies! to wood and to tns's 
which arc not fir; most commonly to s])ru<‘(>, but also, 
especially in MngUsh markets, to pine*. It n‘s<‘mbl(‘s 
spruce, but is easily distinguislusl from it, as well as from 
pine and larch, by tho absonco of n'sin ducts, (.^usility, 
uses, and habits similar to spruc(‘. 

11. Balsam Fir (Ahiea balmmra) (.Balsam, Kir '‘I’roe*, B.-ilm 
of (hload Kir). Iloartwood white* to bre>wnish; sap- 
woe)d lighter colen-; coars(vgrain<*el, e*e>m{>a,ct strue-ten-e*, 
satiny. We)e)d light, ne)t durables e)r strenig, re'sineais, 
easily sjdit. Usoel fe>r boxess, e*ra.te‘s, elexirs, millwea'k, 
cheap lumber, i){i]>er pulp. lnforie>r te> white* pine* 
or sprueio, ye’it ejfton mixoel anel se)lel with th<‘se* spe*cie*s 
in tho lumber marke^t.. A in(*dium-sl/s*el tre‘e* se*;dte*re*ei 
thre)uglumt tho northern ])in(‘ri(*s, tine! cut. in himh<*r 
operations whonovesr of suHiciont size*. Minne‘se>ta 
to Maine and ne)rthward. 

12. White Fir (.(■I Incit {/randhs and A hiva vonrolor) . M (‘elium- 
to very largo-sized tree, forming an imj>ort.nut part, of 
most of the Western mountain forests, and furnishes 
much of the lumber of the resp<u*.t.iv(*. r<*gioits. The. 
former occurs from Vancouver to Clalife)rnia, atid the 
latter from Oregon to Arizona and eastwtird to ( Colo- 
rado and Mexico. The wood is soft and light, eoarse- 
grained, not unlike the “Swiss pine” of Europe, but 
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darker and firmer, and is not suitable for any purpose 
requiring strength. It is used for boxes, barrels, and 
to a small extent for wood pulp. 

1 . White Fir {Abies mnabalis). Good-sized tree, often 
forming extensive mountain foi-ests. Wood similar 
in quality and uses to Abies grandis. Cascade JMouu- 
tains of Washington and Oi’ogon. 

1 . Red Fir {Abies nohilis) (Noble Fir) (not to bo con- 
founded with Douglas spruce. See No, 40). Largo 
to very largo-sized tree, forming oxteixsive forests on 
the slope of the mountains between 3,000 and 4,000 
feet elevation. Cascade Mountains of Oregon, 

1 i. Red Fir {Abies 7}iagnijica). Very large-sized ti-oo, 
forming forests about the base of Mount Shasta. 
Sierra Nevada Mountains of California, from JMount 
Shasta southward. 

HEMLOCK 

Light to medium weight, soft, stiff, but brittle, commonly 
•oss-grained, rough and splintery. Sapwood and licart- 
'ood not well defined. The wood of a light reddish-gray 
:>lor, free from resin ducts, motlerately durable, slirinks 
nd warps considerably in drying, wears rough, retains 
ails firmly. Used principally for dimension stuff anti 
imbers. Hemlocks are nietlium- to large-sized trees, 
ommonly scattered among bi’oad-loaved trees and tioni- 
3rs, but often ft)rining forests of almost pure growth. 

.6. Hemlock {Ts^iga caruidensi.s) (Hemlock Spruce, 
Peruche). Medium-sized tree, furnishes almost all 
the hemlock of the Eastern market. Maine to Wis- 
consin, also following the Alleghanies southward to 
Georgia and Alabama. 

.7. Hemlock {Tsuga mertensiana) . Large-sized tree, 
wood claimed to be heavier and harder than the 
Eastern species and of superior quality. Used for 
pulp wood, floors, panels, and newels. It is not 
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Ruitublo for hoavy const ru(‘t ion, csiKH'ially \vhcrt‘ cx- 
iu)se<l to the weather, it is stnUj>:ht in grain and will 
take a good polish. Not adapted for ns(‘ i)a.rlly in 
and partly out of the ground; in fresh water as piles 
will hist about ten yeaiv, but sis it is softta* (ban hr 
it is less sible to stsiiul driving sue<‘(‘ssfully. W'sish- 
ington to Chdifornia sind esistwsird to Montansi. 

LARCH or TAMARACK 

Wood like the best of hsird pine both in apptasninei', 
<iuality, Sind uses, sind owing to its grsait. dursibility soms'- 
whsit i>referrcd in shipbuilding, for teh'grsiph poh's, sind 
railway ties. In its structure it ressaubh's sprueia 'I'ls' 
larches sire shaaduous trees, oesaisionsilly eovea’ing con- 
sidersible siresis, but ususilly scsittered siinong otiua- eoniha's. 

18. Tamarack (Lan'x lariri-iia vsir. Amrn'rana) (Lsu’ch, 
IJlsick Lsirch, Aineriesin Ijsireh, Ilswansitsu*). Ihaart- 
wood light brown in color, ssipwood ntairly whit<‘, 
coarse conspisuious grsiin, coinpsKd. stnudun', sinnusil 
rings pronounced. Wood hesivy, hsird, vtay strong, 
durable in eontsict. with t.he soil. Ustal for rssilwsiy 
ties, fence iiosts, sills, ship tiinbei-s, ts'h'grsiph poles, 
flagstsilTs. M<Hlium-siz<Hl t^e<^ ofl.en (u)V(aang swsunps, 
in which case it is smalha* sind of poor (pisility. Msiine 
to Minnesotsi, sind southward to Ikamsylvsinia. 

19. Tamarack (/jrtna; cecM/e//./ks/s'.s‘) (Westiaai Lsireh, lysireh). 
Largtvsized trees, scatt.ered, losailly abundsint. Is 
little inferior to osik in strength sind dursibility. 
HcartiWood of si light brown color with lightsa* sap- 
wood, has a fine, slightly ssit.iny grain, sin<l is 
fairly free from knots; the annual rings sire distsint. 
Used for railway ties and shipbuikling. Washington 
and Oregon to Montana. 

PINE 

Very variable, very light and soft in ‘‘soft” pine, such 
as white pine; of medium weight to hoavy and (piito 
hard in “hard” pine, of which the long-loaf or Ooorgia 



LIST OF IMPORTANT CONIFEROUS WOODS 23 

pine is the extreme form. Usually it is stiff, quite strong, 
of even texture, and more or less resinous. The sapwood 
is yellowish white; the heartwood orange brown. Pine 
shrinks moderately, seasons rapidly and without much 
injury; it works easily, is never too hai*d to nail (xinlike 
oak or hickory); it is mostly quite dui’able when in con- 
tact with the soil, and if well seasoned is not subject to 
the attacks of boring insects. The heavier the wood, the 
darker, stronger, and harder it is, and the more it shi-inks 
and checks when seasoning. Pine is used more exten- 
sively than any other wood. It is the principal wood m 
carpentry, as well as in all heavy construction, bridges, 
trestles, etc. It is also used in almost every other wood 
industry; for spars, masts, planks, and timbers in sliip- 
building, in cai* and wagon construction, in cooperage and 
woodenware; for crates and boxes, in furniture work, for 
toys and patterns, water pipes, excelsior, etc. Pines ai‘o 
usually lai’ge-sized trees with few branches, the straight, 
cylindrical, useful stem forming by far the greatest part 
of the tree. They occur gregaiiously, forming vast forests, 
a fact which gi*eatly facilitates their exploitation. Of the 
many special terms applied to pine as lumber, denoting 
sometimes differences in cjuality, the following deserve 
attention: “White pine,” “pumpkin pine,” “soft pine,” 
in the Eastern markets refer to the wood of the white 
pine {Pinus strdbvs), and on the Pacific Coast to that of 
the sugar pine {Pinvs lamheriitm). “Yellow pine” is 
applied in the trade to all the Southern lumber i)ines; in 
the Northwest it is also applied to the pitch pine (^Pinua 
regida) ; in the West it refers mostly to the bull pine (Pinus 
ponderosa). “Yellow long-leaf pine” (CHeorgia pine), 
chiefly used in advertisements, refers to the long-loaf 
pine (Pinvs paluslris). 

(a) Soft Pines 

20. White Pine (Pirnts slrobus) (Soft Pine, Pumpkin Pine, 
Weymouth Pine, Yellow Deal). Large to very large- 
sized tree, reaching a height of 80 to 100 feet or more, 
and in some instances 7 or 8 feet in diameter. For 
the last fifty years the most important timber tree 
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of tho I^uitod States, furnishing tiie host <|unlity of 
soft pine. Heart wood cn'am white; sapwoo<l tu'urly 
white. C’lose straight grain, eompact strueturt'; eoin- 
]>aratively fret‘ from knots and rt‘sin. Soft, uniform; 
seasons well; eiisy to work; nails without splitting; 
fairly durahle in eontaet with tin* soil; and shrinks 
less than other species of pine. Paints W(*ll. l's(*d 
for carpentry, construction, building, spars, masts, 
matches, boxt's, (‘tc., etc., t*t<*. 

21. Sugar Pine Uimln'Hiatia) (\Vhit(‘ Pitn*, Pump- 

kin Pine, Soft Pin<‘). A v<‘ry larg(‘ tr(*<*, forming ex- 
tensive forests in the Hocky Mountains ami furnishing 
most- of tin* timber of the wtsstt'rn l'nit(‘d States. It 
is (umlineil to Oregon and C'alifornia, and grows at. 
from 1,500 to S,000 feet, above* s('a l(‘v<‘l. lias an 
average height of 150 to 175 ft‘(*l ami a. diamet<*r of 
4 to 5 feet., with a maximum lu'ight of 2.‘i.5 fe(*t ami 12 
feet in dianu*ter. The wood is soft, elurabh*, straight- 
graieu'el, ejisily workeel, very resinous, a.ml has a. 
satiny luster whiedi makw it a.ppreciat (‘d for int<*rior 
work. It is (*xtensiv<‘ly used for eloors, blinds, sash«*s, 
and interior linish, also for druggists’ drawt‘rs, owitig 
to its freedom fnnn o<lor, for oars, mouldings, ship- 
bviildiug, (cooperage, shingles, ami fruit. box(*s. On'gon 
and ('alifornia. 

22. White Pine {JHii'u-n vioniwolo). A large! tree, at home* 
in Montana, lelaho, and the Pacific. State's. Me)st 
common ancl locally used in neu’thern Ielahe>. 

23. Wliite Pine (JHnu-it Jlapt'-Hit). A small-sizeel trt*e, 
fe)rming mountain fe>rests of cousiel(*rable (*xt<mt ami 
locally used. Hasteni Rocky Mount.ain slopt's, Mon- 
tana to Now Mexico. 

(&) Hard Pines 

24. Long-Leaf Pine {IHnus jxdttsiris) (Oeorgia l*ine. 
Southern IHne, Yellow Pines, Southern Hard Pine, 
Long-straw Pine, etc.). Largo-siKOil tree. This 
species furnishes the hardest and most durable as 
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well as one of the strongest pine timbers in the market. 
Heartwood orange, sapwood lighter color, the amiual 
rings are strongly marked, and it is full of resinous 
matter, making it very durable, but difficult to work. 
It is hard, dense, and strong, fairly free from knots, 
straight-grained, and one of the best timbers for 
heavy engineering work where great strength, long 
span, and dmability are required. Used for heavy 
construction, shipbuilding, cars, docks, beams, ties, 
flooring, and interior decoration. Coast region from 
North Carolina to Texas. 

25. Bull Pine (Pinus ponderosa) (Yellow Pino, Western 
Yellow Pine, Western Pine, Western White Pino, 
California White Pine). Medium- to \"ery largcv 
sized tree, forming extensive forests in the Pacific and 
Rocky Mountain regions. Heartwood reddish brown, 
sapwood yellowish white, and there is often a good 
deal of it. The resinous smell of the wood is very 
remarkable. It is extensively used for beams, floor- 
ing, ceilings, and building work generally. 

26. Bull Pine (Pinus Jcjjreyi) (Black Pine). I^argc- 
sized tree, wood resembles Pinus ponckrosa and re- 
placing same at high altitudes. Used locally in 
California. 

27. Loblolly Pine {Pinus locda) (Slash Pine, 01<l Fiehl 
Pine, Rosemary Pine, Sap Pine, Short-straw Pine). 
A large-sized ti*ee, foi’ins extensive forests. Wider- 
ringed, coarser, lighter, softer, with more sa])wood 
than the long-leaf pine, but the two are often con- 
founded in the market. The more Northern f ree 
produces lumber which is weak, brittle, coarse-grained, 
and not durable, the Southern tree i>roduces a bettor 
quality wood. Both are very resinous. This is th<^ 
common lumber pine from Virginia to Soui-h C Caro- 
lina, and is found extensively in Ai’kansas and Texas. 
Southern States, Virginia to Texas and Arkansas. 

28. Norway Pine (Pinus resinosa) (American Rod Pino, 
Canadian Pine). Large-sized tree, never forming 
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forests, usually scatt(*ro<l or in small proves, toKethor 
with white pioe. Largely sapwood and hene<‘ not 
durable. Heart wood mldish white, with line, <*l(‘;ir 
gi’ain, fairly tough and elastic, not liable to warp and 
split. Used for building construction, bridge's, pih's, 
nuists, and spaix. Alinnesota to Michigan; also iu 
Now Kngland to Peniusylvauia. 

29. Short-Leaf Pine (Pinvs trhinala) (Shush Pine', Sprue*e 

Pine, thirediuji I*ine, Yelleiw Pine', Olel Fie'lel Pine', 
Ilarel Pine). A nu'elium- te) large'-size'e I tre'e', re'se'in- 
bling le)ble)lly pine', e)fte'!n appre)ache's in its we)e>el Ihe^ 
Neu'way pine'. IIeartwe>e>el e>range', s!ipwe)e)el lighte'r; 
ce>ini)act struedure, apt to be*! variable' in !ippe*arane*e< 
in crews-sectieni. WtK)el xisusdly harel, te)Ugl», strenig, 
durable', re'sinenis. A valualde timlx'r tre'e', soint'liine's 
wen’keel feu* tviri)entine'. Use'el fe>r lu'avy e*e)nstruclie>n, 
shipbuileling, cars, elocks, be'ajns, tie's, llt>e>ring, anel 
house trim. Piii.m ccliuMla, paluitln\, anel are^ 

very siniihir in e'heirsxctor, of thin we»e)el anel ve'ry elif- 
fic.ult te) distinguish e)no from ane)lhe'r. .\,s a rule', how- 
ever, p(duitlrt,n (Le)ng-loaf Pine') luus the' smalle'st ;mel 
me)st unife)nn growtli rings, anel Piiiits (miti { Lo!)le)lly 
Pino) has the largest. All are apt te> l>e'! bune'he'el 
together iu the lumbe'r inarke't jis Semtherti Harel 
Pino, All are lusoel feir the Siune purpe>se's. Sbeirt- 
loaf is the commem lumber pine e)f iMi.sse>\iri anel 
Arkansas. Ne>rth (lare)liua to Texas anel Misse)uri. 

30. Cuban Pine (^Piivu^ cuhentfiit) (Shish Pine, Swamp 
Pino, l^astard Pitio, Meadow Pine). Itc'se'inbles le>ng- 
Icaf. pine, but cennmemly has a wiele'r sai)we)e)el anel 
coarser grain. De)cs not outer the markets t.e> any 
extent. Along the coast fi*om South Uare>lina te> 
Ijouisiana. 

31. Pitch Pine (Pinus rigida) (Torch IMno). A small to 
inediuin-sizoel tree. Heartwoe>d light brown e)r reel, 
sapwood yellowish white. Wood light, se)ft, not 
strong, coarse-grained, durable, very resinous. Used 
locally for lumber, fuel, and charcoal. Ooast regiona 
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from New York to Georgia, and along the mountains 
to Kentucky. 

S . Black Pine {Pinus murryand) (Lodge-pole Pine, 
Tamarack). Small-sized tree. Rocky Mountains 
and Pacific regions. 

I. Jersey Pine (Pinus i'twps var. Virginiana) (Scrub 
Pine). Small-sized tree. Along the coast from New 
York to Georgia and along the mountains to Kentucky. 

i k. Gray Pine (Pinus divaricata var. batilcsiana) (Scrub 
Pine, Jack Pine). Medium- to large-sized tree. 
Heartwood pale brown, rarely yellow; sap wood nearly 
white. Wood light, soft, not strong, close-grained. 
Used for fuel, railway ties, and fence posts. In tlays 
gone by the Indians preferred this species for frames 
of canoes. Maine, Vermont, and Michigian to JMiu- 
nesota. 


REDWOOD (See Cedar) 

SPRUCE 

Resembles soft pine, is light, very soft, stiff, moderately 
trong, less resinous than pine; has no distinct heartwood, 
md is of whitish color. Used like soft pine, but also ein- 
>loycd as resonance wood in musical instruments and 
^referred for paper pulp. Spruces, like pines, form ex- 
pensive forests. They are more frugal, thrive on thinner 
?oils, and bear more shade, but usually rccpiire a more 
aumid climate. “Black” and “White” spruce as applied 
oy lumbermen usually refer to narrow and wide-ringed 
forms of black spruce {Picca nigra). 

36. Black Spruce (Picea nigra var. mariana). Medium- 
sized tree, forms extensive forests in northwestern 
United States and in British America; occurs scat- 
tered or in groves, especially in low lands throughout 
the northern pineries. Important lumber tree in 
eastern United States. Heartwood pale, often with 
reddish tinge; sap wood pure white. Wood light. 
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soft, not strong. C’hiolly used for inamifswturo «>f 
paper pnlp, uiul sn^at tinaniities of this ns \v(‘Il ns 
Pmui alba are used for this purpose. Used also for 
sounding hoards for pianos, violins, etc. Maine to 
^Minnesota, British Aineriea, and in the AlU'^hanies 
to North C'arolina. 

36. White Spruce {Pieva carntdetma \ar. alba). McMliuni- 
to larpct'-sized t ree. Heart wood lif^ht. y<*llow; sap- 
w<H>d nearly white, (lenerally Jissoeiah'd with the 
preceding. JMost ahundant along stren.ms and lake's, 
grows largest in jMontana and forms tlu*. most im- 
jjortant tree of t.lu' suh-aretic forest of British .\m(‘rica. 
Used largely for floors, joists, doors, sjishes, mouldings, 
and panel work, rapidly stii)er(HMling Pltiua ttfrobus 
for building i)xirposes. It is very similar to Norway 
pine, excels it in toughness, is rather h'ss dural )1<‘ and 
dense, and more liable to w'arp iti sestsoning. Nort lu’rn 
United States from Maine to Mimu'sota, also from 
Montana to Pacific, British America. 

37. White Spruce (Pirm cn^/cUnan-n.i). M(‘<lium- to large- 
sized tree, forming extensive forc'sts at ek'vations 
from fSjOOO to 10, ()()() fwt above sea lev('l; r<*s<'mbles 
the preceding, but occupiers a diiTer<‘nt. station. A 
very important, t.iuiber tree in the cent ral and soutlu'rn 
parts of the Rocky Mountains. R(wiky Alountains 
from Mexico to Montana. 

38. Tide-Land Spruce {Pwva (Sitka SpructO. 

A large-sized tree, forming svn ext.<*nsiv(^ <‘oast.-lK‘lt 
forest. Used extcTisiv'cly for all classes of coopt'rage 
and wotxlenware on the Pacific, (loast. Along tl»e 
sotveoast from Alaska to central (California. 

39. Red Spruce (Picoa ruhem). Medium-sized t.rc'e, gen- 
erally associated with Puiea ridgra and oc.cui's s<aitt<ir(‘d 
throughout the northern pineries. Heart, woo<l red- 
dish; sapwootl lighter color, straight-grained, com- 
pact structure. Wood light, soft, not strong, elastic, 
resonant, not durable when exposed. Used for floor- 
ing, carpentry, shipbuilding, piles, posts, railway 
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ties, paddles, oai’s, sounding boardsj paper pulp, and 
musical instruments. Montana to Paclfi(^ 
America. ' ' *• 

BASTAEUD SPRUCE 

pruce or j&r in name, but resembling hard pine or larch 
in ippearance, quality and uses of its wood. 

4C Douglas Spruce {Pseudotsv^a doitglasii) (Yellow Fir, 
Red Fir, Oregon Pine). One of the most impoitant 
trees of the western United States; grows very large 
in the Pacific States, to fair size in all parts of the 
mountains, in Colorado up to about 10,000 foot above 
sea level; forms extensive forests, often of pure 
gi-owth, it is really neither a pine nor a fir. Wood 
very variable, usually coarse-grained and heavy, 
with very pronounced summer-wood. Hard and 
strong (“red” fir), but often fine-grained and light 
(“yellow” fir). It is the chief tree of Washington 
and Oregon, and most abundant and most valuable 
in British Columbia, where it attains its greatest 
size. From the plains to the Pacific Ocean, anti from 
Mexico to British Columbia. 

4 . Red Fir {Pseudotsuga taxijolia) (Oregon Pine, Puget 
Sound Pine, Yellow Fir, Douglas Spruce, Red Pino). 
Heartwood light red or yellow in color, sapwood nar- 
row, nearly white, comi)arativoly free from rosins, viii'i- 
able annual rings. Wood usually hard, sti*t)ng, difficult 
to work, durable, splinters easily. Used for heavy 
construction, dimension timber, railway ties, doors, 
blinds, interior finish, piles, etc. One of the jnost 
iiiiportant of Western trees. From the ])lains to 
the Pacific Ocean, and from Mexico to British America. 

TAMARACK (See Larch) 

YEW 

Wood heavy, hard, extremely stiff and strong, of fine 
ixture with a pale yellow sapwood, and an orange-rod 
eartwood; seasons well and is quite durable. Exten- 
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sively used for iirclicry bows, turner’s ware, etc*. The 
yews form no forests, but occur scaftcn-ed with other 
conifers. 

42. Yew (Taxui^ brcvifoUa). A small to medium-sized 
tree of the Pacific region. 
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WOOD OF BROAD-LEAVED TREES 

C ^ a cross-section of oak, the same arrangement of pith 
anc bark, of sapwood and heartwood, and the same dis- 
pos ion of the wood in well-defined concentric or annual 
rini 3 occur, but the rings are marked by lines or rows of 
cor picuous pores or openings, which occupy the greater 
paj of the spring-wood for each ring (see Ilg. 4, also G), 
ant are, in fact the hollows of vessels 
thi ugh which the cut has been 
m£ le. On the radial section or 
qu rter-sawn board the several 
la 3 srs appear as so many stripes 
(s€ Fig. 5); on the tangential sec- 
tic L or “bastard” face patterns 
sir ilar to those mentioned for pine 
w( )d are observed. But while the 
pa terns in hard pine are marked 
b 3 the darker summer-wood, and 
ar composed of plain, alternating 
st pes of darker and lighter wood, 
th figures in oak (and other broad- Rcntial section; w, 
le; /ed woods) are due chiefly to 
tl- vessels, those of the spring- e, icmgtli of pith my. 
w od in oak being the most 
cc ispicuous (see Fig. 5). So that in an oak table, the 
di ‘ker, shaded parts are the spring-wood, the lighter 
u] colored parts the summer-wood. On closer examina- 
ti a of the smooth cross-section of oak, the spring-wood 
p; *t of the ring is found to be formed in groat part 
oJ pores; large, round, or oval openings made by the cut 
tl ‘ough long vessels. These are separated by a grayish 
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Kg. 5. Bosml of Oak, (IS, oroas-soctioii; HS, radial soctioo; "I'S, taiigoidial 
Hoctioii; Vy voHSols or pores, eut through; A, slight curve in log which 
appc'ars in secdrloii ns an islet. 



Kg. 6. Cro»s-HC(sti<)n of Oak (Magnified about 5 times)- 
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an' at least in part v<‘ry hirfJit' an«l ctmspifuoiis. (Ht'e Fig. 
4; their intlieat('tl hy tlie lettt'r a, an<i their width 

by the h'tter h.) 'riie larj^e ineiiullary rays of oak are 
often tw(‘nty ami aunv eells wule, ami several hundred 

i eell rows in ht'i^ht, whi«'h amount 
/§ eommonly t«> one or more inches, 
ill These lar^e rays are conspicuous 
/ on all st'ctions. 'Phey app(*ar as 
long, sharp, grayish lines on tlie. 

\ cross-sections; as short, thi<*k lines, 

! a !\ tsipering at ea<*h ('lui, on tin* tan- 

m i 1 “bastard” fac(‘, a.nd as 

is bn>a<I, shin V bands, “ tlu' mirrors,” 

on t.h(' radial set'tion In addition 
i'J tliese c<>ars<^ rays, tlu'n' is also 

/ I a large number of small pith rays, 

I’l :/. d whicii ca.n Ix' s«'<‘n only when mag- 

M f ihfU'd. On tlu' whole, th<* pitli 
=q ( rays form a much larger part of 
M I the wood than migld Ix' suppos(‘d. 
"I"' H 1 si>ecimens of g(xxl whit(' oak it 
Irl I b(*<‘n found that tlu'y form 
|C-^^ %§ I about sixteen to twenty-liv(‘ per 

H g Si "’<xxl. 

^ Minute Structure 

X ra I If a \vell-sm<x>t hed thin disk or 
ff ' cross-section of oak (say one-six- 
^ r » teenth inch thick) is held up to 
Fig. K. iwiiiitwl FihK'H luul light, it looks very much like 

w™i, ';u'Sv"S t “ ««««, tho p.m>« <«•• v.wls a,K 
tw««‘iiHrr<)mai)ithnw; peanng as clean-cut hoh's. I he 
c, a single joint or wii of spring-wood and gray patches are 

auxl lower neighbors; t/, firm bodies of fibres bet-ween them 
trueheid; c, wood fibre juc donsc aiul opaciuo. Kxamincd 


Fig. K. isoliit.e<l Fibres luul t-he light, it looks Very much like 

w™i, ';u'Sv"S t “ ««««, tho p.m>« <«•• v.wls a,K 
twoei'iisfromanithnw; peanng as clean-cut hoh's. I he 
c, a single joint or eeii of spring-wood and gray patches are 

and lower neighbors; d, firm bodies of fibres bet-ween them 
trueheid; c, wood fibre juc dense aiul opaciuo. Kxamincd 

with a magnifier it will bo «oti(<e<l 
that there is no such regularity of arrangement in straight 
rows as is conspicuous in pine. On the contrary, great 
irregularity prevails. At the same time, while the pores 
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are as large as pin holes, the cells of the denser wood, 
unlike those of pine wood, are too small to be distin- 
guished. Studied with the microscope, each vessel is 
foimd to be a vertical row of a great number of short, 
wide tubes, joined end to end (see Fig. 8, c). The 
porous spring-wood and radial gray tracts are partly 
composed of smaller vessels, but chiefly of tracheids, like 
those of pine, and of shorter cells, the “wood parenchyma,’' 
resembling the cells of the medullary rays. These latter, 



Fig. 9. Cross-section of Basswood (Magnified), v, vessels; mr, pith rays. 

as well as the fine concentric lines mentioned as occurring 
in the summer-wood, arc composed entirely of short tube- 
like parenchyma cells, with square or oblique ends (sec 
Fig. 8, a and 5). The wood fibres proper, which form the 
dark, firm bodies referred to, are very fine, thread-like 
cells, one twenty-fifth to one-tenth inch long, with a wall 
commonly so thick that scarcely any empty intci*nal space 
or lumen remains (sec Figs. 8, c, and 7, B). If, in- 
stead of oak, a piece of poplar or basswood (see Fig. 0) 
had been xised in this study, the structure would have 
been found to be qxiite different. The same kiixds of cell- 
elements, vessels, etc., are, to be sure, present, but their 
combination and arrangement are different, and thus 
from the great variety of possible combinations results 
the great variety of structure and, in consequence, of 
the qualities which distingmsh the wood of broad-leaved 
trees. The sharp distinction of sapwood and heartwood 
is wanting; the rings are not so clearly defined; the vessels 
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of the wood tire smtill, very lumierous, :uul r;ith('r evinily 
isc'tittered tliroufi:h the wood of the tuuiutd riuf>;s, so (luit 
the distinction of the ring almost v.-inisiu's :ind tine medul- 
lary or pith rtiys in [xiphir ctin he seen, witliout lieing 
magnified, only on the raditd section. 



LIST OF MOST IMPOTITANT BROAD-LEAVED 
TREES (HiVRDWOODS) 

Woods of complex and very variable structure, and 
therefore differing widely in quality, behavior, and con- 
sequently in applicability to the ai’ts. 

AILANTHUS 

1. Ailanfhus (Ailantfms gla-nd-ulosa). Medium to large- 

sized tree. Wood pale yellow, hard, fine-grained, and 
satiny. This species originally came from (•liina, 
where it is known as the Tree of “Heaven,” was in- 
troduced into the United States and planted near 
Philadelphia during the l<Sth century, and is more 
oriiamcmtal than useful. It is used to some extent 
in cabinet work. Western Pennsylvania and Jjong 
Island, New York. 

ASH 

Wood heavy, hard, stiff, quite tough, not durable in 
contact with the soil, straightr-grained, rough on the split 
surfaces and coarse in texture. The wood slirinks moder- 
ately, seasons with little injury, stands well, and i.ake's a 
good polish. In carpentry, ash is used for stairways, 
panels, etc. It is used in sliipbuilding, in the construction 
of cars, wagons, etc., in the numufacturo of all kinds of 
farm implements, machinery, and especially of all kinds 
of furniture; for cooperage, baskets, oars, tool handles, 
hoops, etc., etc. The trees of the several s])ocies of ash 
are rapid growers, of snuill to medium height with stout 
trunks. They form no forests, but occur scattered in 
almost all our broad-leaved forests. 

2. White Ash {Fraximis Americana). Medium-, some- 

times large-sized tree. Heartwood reddish brown, 
usually mottled; sapwood lighter color, nearly white. 
Wood heavy, hard, tough, elastic, coarse-grained. 
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compact structure. Annual rinRs clearly marked by 
larj!;o open pores, not durable in contact with the 
soil, is straisht-grained, and the best. matt‘ria.l for oars, 
etc. Used for agricultural implenuMits, tool haiulles, 
automobile (rim boards), vehicle l>odit‘s and parts, 
bjiseball bats, interior finish, cabinet work, etc., etc. 
Kiisin of the Ohio, but found fn>m Maine to Alin- 
nesota aiul Texas. 

3. Red Ash (Ft'axinm pubvareiift var. Pnins'i/Jranira). 

JMcdium- sized tree, a limber very similar to, but 
smaller than Fraxinna Ankcn'nind. Ih^arlwood light 
brown, sapwood lighter color. Wood heavy, hartl, 
strong, and coarse-grained. Ranges from N(av 
Brunswick to Florida, and westward to Dakota, 
Nebnuska, and Kansas. 

4. Black Ash (F nix i nun nii/ra var. mrnhucifolia) (Hoop 

Ash, (Jround Ash). Me<lium-sized tree, very common, 
is more wulely distril)uted than the Fnixin-un Ameri- 
cana; the woo<l is not so hard, but is well suitetl for 
hoops and basket-work, Ih'artwood dark brown, 
sapwood light brown or white. Wood h(‘avy, rather 
soft, tough and coai*scvgrained. Ust'd for barnd 
hooi)s, basket-work, cabinetwork and int(‘rior of 
houses, Maine to Minnesot,a and southward t,o 
Alabama. 

6. Blue Ash (Fraxi,nm guadrfm{/ulala). Small t.o medium- 
sized tree. Ileartwood yellow, stn^akttd with brown, 
sa])wood a lighter color. Wood heavy, liard, aiul 
coarser-grained. Not common. Indiana and Illinois; 
occurs from Miclxigan tt) Mimursota iuid southwartl 
to Alabama. 

6. Green Ash (Fraximis mndin). Small-sized t-reicr. Oc- 

curs from Now York to the llocky Mountains, imd 
southward to li'lorida and Arizona. 

7. Oregon Ash (Fraodrms Oregano), Small to medium- 

sized tree. Occurs from wostorn Washington to 
California. 
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8. Carolina Ash {Fraximus Caroliniana). Medium-sized 
tree. Occurs in the Carolinas and the coast regions 
southward. 


ASPEN (See Poplar) 

BASSWOOD 

9. Basswood (Tilia Americana) (Linden, Lime Tree, 

American Linden, Lin, Bee Tree) . Medium- to largo- 
sized tree. Wood light, soft, stiff, but not strong, 
of fine texture, straight and close-grained, and white 
to light brown color, but not durable in contact with 
the soil- The wood shrinks considerably in drying, 
works well and stands well in interior work. It is 
used for cooperage, in carpentry, in the manufacture 
of furniture and woodenware (both turned ami carved), 
for toys, also for panelling of car and carriage bodies, 
for agricultural implements, automobiles, sides ami 
backs of drawers, cigar boxes, excelsior, refrigerators, 
trunks, and paper pulp. It is also largely cut for 
veneer and used as “ tliree-ply” for boxes and chair 
scats. It is used for sounding boards in pianos ami 
organs. If well seasoned and painted it stands fairly 
well for outside work. Common in all northern 
broad-leaved forests. Found throughout the eastern 
United States, but reaches its greatest size in the 
Valley of the Ohio, becoming often 130 feet in height, 
but its usual height is about 70 feet. 

10. White Basswood (Tilia Jieierophylla) (Wlutowoo<l). 
A small-sized tree. Wood in its quality and uses 
similar to the preceding, only it is lighter in color. 
Most abundant in the Alleghany region. 

11. White Basswood (Tilia Tpuhescens) (Downy Linden, 
Small-leaved Basswood). Small-sized tree. Wood 
in its quality and uses similar to Tilia Americana. 
This is a Southern species which makes it way as far 
north as Long Island. Is found at its best in South 
Carolina. 
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BEECH 

12. Beech (Faffvs foruginca) (Rod Boc(^h, Whito 
Modiuni-smul troo, coininoii, somotinu's 
forosts of pure j>:rowth. Wo<kI lu'avy, hard, slilT, 
wtroiiK, of rather coarse textur(‘, \vhi(.<‘ to brown 

color, not dural)le in contact, with thc! soil, and sub- 
ject to the inroads of borinf*; insects. Katlu'r close- 
grained, conspicuious medullary rays, and wluui 
<iuarter-sawn and well smootluMl is v(‘ry bc'autiful. 
The wood shrinks and checks considerably in drying, 
works well and stands well, and takes a line polisli. 
Beech is ctmiparatively free from obj('ctioiuibh‘ t.aste, 
and finds a jduce in the manufactures of commodities 
which come in contact with foodstulTs, su<sh as lard 
tubs, butter boxes and pails, and the Ix^attu's of ice 
cream freezers; for the latter the p(*rsistesnt. hardiu'ss 
of the wood when subjected to attrition and abnision 
while wet. gives it j>eculiar fit.ness. It. is a.n ('X(*(‘ll(snt 
material for churns, hangar hogslu^ads ant made' of 
beech, partly becaxise it is a tasteless woo<l and i>artly 
because it has great strength. A larg<t class of woodtui- 
wai’c, including veneer platens, dishes, box<'s, paddles, 
scoops, spoons, and boaters, whi(sh b(‘long t.o the 
kitchen and ])antry, are made of t his sp(*ei<‘s of wood. 
Beech picnic plates are made by the million, a single 
machine turning out 75,000 a day. 'Pint wood has 
a long list of miscellaneous uses and enters into 
a great variety of commodities. In every n'gion 
where it gi’ows in commercial (iuantiti<‘s it is made 
into boxes, bask<tts, and crating. B<HU‘.h baskeds are 
chiefly cmidoyed in shipping fruit, berries, aixd v<‘.g<v- 
tablos. Iix Maine thin veneer of beech is madti 
specially for the Hicily orange and lemon tratle. This 
is shipped in bulk and the boxes anx made abroa<l. 
Beech is also an important handle wood, although 
not in the same class with hickoiy. It is not selected 
because of toughness an<l resiliency, as hickory is, 
and generally goes into plane, handsaw, pail, chisel. 
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and flatii’on handles. Recent statistics show that 
in the production of slack cooperage staves, only 
two woods, red giun and ijine, stood above beech in 
quantity, while for heading, pine alone exceeded it,. 
It is also used in turnei-y, for shoo lasts, butcher 
blocks, ladder rouiuls, etc. Abroatl it is very ex- 
tensively used by the carpenter, millwright, and wagon 
maker, in turnery and wood cai-ving. Most abundant 
in the Ohio and Mississij)pi btisin, but found from 
Maine to Wisconsin and southward to Florida. 

BIRCH 

13. Cherry Birch (Bctula lenta) (Black Birch, Sweet Birch, 
Mahogany Birch, Wintergreen Birch). Medium- 
sized tree, very common. Wood t)f l)cautiful redtlish 
or yellowish brown, and much of it nicely figured, 
of compact structure, is straight in grain, heavy, 
hard, strong, takes a fine polish, and consideriibly usecl 
as imitation of mahogany. The wt)od shrinks con- 
siderably in ch’ying, works well and stands well, but 
is not durable in ct)ntact with the soil. The jnedul- 
lary rays in birch are very fine and close and not 
easily seen. The sweet birch is very handsome, with 
satiny luster, eciuidling cherry, and is too costly a 
wood to be profitably used for ordinary purposes, 
but there are both high and low grades of birch, the 
latter consisting chiefly of sapwood and pieces too 
knotty for first class commodities. This cheap ma- 
tei'ial swells the supply of box lumber, and a little of 
it is found wherever birch passes through sawmills. 
The fi'equent objoctioiis against sweet birch as box 
lumber and crating nuiterial are that it is hard to 
nail and is inclined to split. It is also used for veneer 
picnic plates and butter dishes, although it is not 
as popular for this class of commodity as arc yellow 
and paper birch, maple and beech. The best grades 
are largely used for furniture and cabinet work, and 
also for interior finish. Maine to Michigan and to 
Tennessee. 
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14. Wldte Birch (Belula popuUfoUa) ((h’rty Birch, Old 
Field Bii’ch, ^Vspeu-lcuvcd lUrch). Suuill to iiuulium- 
sized tree, least ct>uiiiioii of all the birches, Short- 
liv'cd, tiwcuty to thirty feet hi{?h, grows v<‘ry rapidly. 
Heartwood light brown, siijjwood lightor color. Wood 
light, st>ft., closcv-grained, not strong, cluH'ks ba<lly 
in drying, decays tpiickly, not durables in conla(^t 
with the soil, takes a goo<i polish. Us(ul for si)ools, 
shoopogs, wood pulp, aiul barrel hoops. Fvud value 
not high, but burns with bright flame. Ilanges from 
Nova Scotia aiul lower St. Lawrene.(^ l{.iv(‘r, soulh- 
WiU’d, mostly in the coast region to l)(‘laware, and 
westward through northern New ICngland aiul New 
York to southern shore of Lake Ontario. 

16- Yellow Birch (Belula lul-ea) (Gray Birch, Silver Birch). 
Medium- to large-sized tree, very common. Heart- 
wood light I'cddish brown, sapwood iu‘arly white', 
close-grained, compact structure', with ei satiny luster. 
We)oel heavy, very stremg, harel, tough, susceptible' 
of high pedish, not elurable whe'n e'xposesl. Is similar 
to Belula lenta, and finels a place in prae*tically all 
kinds of woe>deMiwai*e. A large pe're^e'utage' of broom 
handUis e)n the marke^t are maele e>f this spe'cie's of 
we>e)el, therugh nc^arly every e)ther biredi ce>nt.i’ibute's 
sonrething. It is ustnl fe)r veiu'e’ir i)Iat.e':s anel elishe^s 
made fen- pies, butter, larel, anel many ed.he'r eiom- 
me>ditics. Tubs anel jmils are some'time's maele> e>f 
yolle)W birch pre)viel(Ml wedght is not e>bje'e*tionable'. 
The we)oel is twice as he^avy as se>me e)f t.he' pine's and 
coelars. Many small handles fe>r suedi artie^k'S as 
flat-ire>ns, gimlets, augen’s, screw drive'rs, ediise'ls, var- 
nish anel paint bnislms, butcher anel euirving knive's, 
etc. It is also wieledy useel fen- shijjping be>X('s, baskets, 
anel crates, anel it is one of the st.iffe'st., stremge'st 
wooels pre)ourable, but on acce)unt of its ex<•e'ssi^'<^ 
weight it is se)motimos elisesriminateel against. It 
is eixcoUont fe)r veneer boxes, ami that is pre>bably 
one of the most impe)rtant pliwje^s it fills. (Htruft 
fruit from northern Africa and the islands and (ioun- 
tries of the Mediterranean is often shipped to market 
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in boxes made of yellow birch from veneer cut in 
New England. The better grades are also used for 
furniture and cabinet work, and the “burls” found 
on this species arc higldy valued for making fancy 
articles, gavels, etc. It is extensively used for turnery, 
buttons, spools, bobbins, wheel hubs, etc. Maine 
to Minnesota and southward to Tennessee. 

16. Red Birch (Betula rubra var. nigra) (River Birch). 
Small to medium-sized tree, very common. Lighter 
and less valuable than the preceding. Heartwood 
light brown, sap wood pale. Wood light, fairly strong 
and close-grained, llotl birch is best developed in 
the middle South, and usually grows near the ]>ankH 
of rivers. Its bark hangs in tatters, even worse than 
that of paper birch, but it is darker. In Tennessee 
the slack coopers have found that red birch makes 
excellent biUTcl hoatls and it is sometimes employed 
in preference to other woods. In eastern Maryland 
the manufacturers of peach baskets draw their sup- 
plies from this wood, and subsiitutc it for white elm 
in iiiaking the hoops t)r bands which stiffen the toj) 
of the basket, and jirovklc a fastening for the veneer 
which foriiis the sides. Hetl bire.h bonds in a very 
satisfact-ory manner, which is an imi)ortant point. 
This wood enters pretty g(merally into the maiiu- 
facturo of woodenwaro within its range, but statistics 
do not mention it by name. It is also \isotl in the 
manufac.turc of veneer picnic jdates, pic ])latcs, butter 
dishes, washboards, small handles, kiteshon and x>ant.ry 
utensils, and ironing boards. New England to Texas 
and Missouri. 

17. Canoe Birch (^Betula pajyrifera) (Wliite Birch, Paper 
Birch). Small to medium-sized ti*oc, sometimes form- 
ing forests, vary common. Hoartwotxl light brown 
tinged with rod, sapwood lighter color. Wood of 
good quality, but light, fairly hard and strong, tough, 
close-grained. Sap flows freely in spring and by 
boiling can bo made into syrup. Not as valuable as 
any of the preceding. Canoe birch is a northern 
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tree, easily identified by its white trunk and its ragged 
bark. Large numbers of small wooden boxes are 
made by boring out blocks of this wood, shaping 
them in lathes, and fitting lids on them. Canoe 
birch is one of the best woods for this class of com- 
modities, because it can be worked very thin, does 
not split readily, and is of pleiising color. Such boxes, 
or two-piece diminutive kegs, arc used as containers 
for articles shipped and sold in small bulk, such as 
tacks, small nails, and brads. Such containers are 
generally cylindrical and of considerably greater depth 
than diameter. Many others of nearly similar form 
are made to contain ink bottles, bottles of perfumery, 
drugs, liquids, salves, lotions, and pow<lers of many 
kinds. Many boxes of this pattern are used by 
manufacturers of pencils and crayons for jjacking 
and shipping their wares. 8uch boxes arc made in 
numerous numbers by automatic machineiy. A 
single machine of the most im]>rovod pattern will 
turn out 1,400 boxes an hour. Aftoi* the boring and 
turning are done, they ai'e smoothed by placing them 
into a tumbling barrel with soapst-one. It is also 
used for one-piece shallow trays or l)t)xes, without 
hds, and used as card receivers, pin receptacles, 
butter boxes, fruit platters, and contribution jilates 
in churches. It is also the principal wood used for 
spools, bobbins, bowls, shoe lasts, pegs, and turnery, 
and is also much used in the furniture tra<le. All 
along the northern boundary of the United kStates 
and northward, from the Atlantic to the Pacific. 

BLACK WALNUT (See Walnut) 

BLUE BEECH 

18. Blue Beech (^Carpimts Caroliniana) (Hornbeam, Water 
Beech, Ironwood). Small-sized tree. Hcartwood 
light brown, sapwood nearly white. Wood very hard, 
heavy, strong, very stiff, of rather fine texture, not 
durable in contact with the soil, shrinks and checks 
considerably in drying, but works well and stands 
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well, and takes a fine polish. Used chiefly in turnery, 
for tool handles, etc. Abroad much used by mill- 
and wheelwrights. A small tree, largest in the South- 
west, but found in nearly all parts of the eastern 
United States. 

BOIS D’ARC (See Osage Orange) 

BUCKEYE 

Wood light, soft, not strong, often quite tough, of fine, 
uniform textxire and creamy white color. It shrinks con- 
siderably in drying, but works well and stands well. Used 
for woodenware, artificial limbs, paper pulp, and locally 
also for building construction. 

19. Ohio Buckeye {^sculus glabra) (Horse Chestnut, 
Fetid Buckeye). Small-sized tree, scattered, never 
forming forests. Heartwood white, sapwood pale 
brown. Wood light, soft, not strong, often quite 
tough and close-grained. Alleghanies, Pennsylvania 
to Oklahoma. 

20. Sweet Buckeye {JEsculus octandra var. flava) (Horse 
Chestnut). Small-sized tree, scattered, never form- 
ing forests. Wood in its quality and uses similar to 
the preceding. Alleghanies, Pennsylvania to Texas. 

BUCKTHORNE 

21. Buckthome {Rhanmus Caroliniana) (Indian Cherry). 
Small-sized tree. Heartwood light brown, sapwood 
almost white. Wood light, hard, close-grained. Does 
not enter the markets to any great extent. Found 
along the borders of streams in rich bottom lands. 
Its northern limits is Long Island, where it is only 
a shrub; it becomes a tree only in southern Arkansas 
and adjoining regions. 

BUTTERITUT 

22. Butternut (Jtiglans dnerea) (White Walnut, White 
Mahogany, Walnut). Medium-sized tree, scattered. 



4(> 


SKAS(>XIN(} OK W<H)I) 


never fonnins fiirests. Wotxl very siniilur to ])lack 
walnut, hut linht, tiuUe soft, and not strong. Heart- 
wood light gray-hrown, tlarkening with <‘xi)osure; 
sapwood nearly white, eoai’s<‘-graiiietl, eoinpaet struc- 
ture, easily worked, ami suseeptibh* to high polish. 
Ihus similar grain to hlaek walnut ami wIumi stained 
is a very gooil imitation. Is much used fta* inside 
work, and very durable. X''s(‘d ehudly for linishing 
lumber, cabinet work, boat finish ami fixtures, and 
for furniture. Hutternut furniture is often sold jus 
circtussian walnut. Largest and most, common in the 
Ohio basin. JVIaino to Minnesota ami southward 
to (leorgia ami Alabama. 

CATALPA 

The catalpti is a tree whi<th was i)lant(‘<l about 25 yearn 
ago as a commercial speculation in Iowa, Kansas, and 
Nebraska. Its native habitat was along tlu' riv(‘rs Ohio 
ami lower Wabash, and a century ago it gaimsl a r(‘pu- 
tation for rapid growth and dura,bility, but tTnl not grow 
in large <iuantities. As a railway ti(', (‘xpcunnuMits have 
left no doubt as to its resistem’e. to d<‘cay; it stands ab- 
nision as well as the white oak {Qurrrus allxi), a.nd is 
superior to it in longevity, (kitalpa is a tns* singidarly 
free from tlestructive diseases. Wood <‘ut from the living 
tree is one of the most durable timb<*rs known. In spite 
of its light porous structure it resists th(‘ w<'ath(‘ring in- 
fluences ami the ntta<‘.ks of wood-destroying fungi to a 
remarkable degree. No fungus has y(*t Ixsm found whi<di 
will grow in the d<«i,d timber, and for fence posts this wood 
hiis no e<iual, lasting longer than almost, any othc*r species 
of timber, ''rhe wood is rather soft, ami (‘.oarscs in texture, 
the tree is of slow growth, and the brown c.olored heart.wood, 
even of very yo\uig tree.s, forms nearly t.hree-(pmrtcrs of 
their volume. There is only about oiui-(iuart.er inch of 
sapwood in a 9-inch tree, 

23. Catalpa (Caialpa speciosa var. Mgrwnioukii) (Indian 
Bean). Medium-sized tree. IIcartwoo<l liglit brown, 
sapwood nearly white. Wood light, soft, not strong, 
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brittle, very durable in contact with the soil, of coarse 
texture. Used chiefly for railway ties, telegraph poles, 
and fence posts, but well suited for a great variety of 
uses. Lower basin of the Ohio River, locally com- 
mon. Extensively planted, and therefore promising 
to become of some importance. 

CHERRY 

24. Cherry (Pruntis scrotina) (Wild Cherry, Black Cherry, 
Rum Cherry). Wood heavy, hard, strong, of fine 
texture. Sapwood yellowish white, heartwood reddish 
to brown. The wood shrinks considerably in drying, 
works well and stands well, has a fine satin-like luster, 
and takes a fine polish wliich somewhat resembles 
mahogany, and is much esteemed for its beauty. 
Cherry is chiefly used as a decorative interior finish- 
ing lumber, for buildings, cars and boats, also for 
furniture and in turnery, for miLsical instruments, 
walking sticks, last blocks, and woodenwarc. It is 
becoming too costly for many pui’poses for which it 
is naturally well suited. The lumber-furnishing 
cherry of the United States, the wild black cherry, 
is a small to medium-sized tree, scattered through 
many of the broad-leaved trees of the western slope 
of the Alleghanics, but found from Michigan to 
Florida, and west to Texas. Other species of this 
genus, iis well as the hawthornes {Prunus craLoegus) 
and wild apple (Pyrm), are not commonly offered in 
the markets. Their wood is of the same character 
as cheny, often finer, but in smaller dimensions. 

25. Red Cherry {Prunus Penmylvanica) (Wild Red Cherry, 
Bird Cherry). Small-sized tree. Heartwood light 
brown, sapwood pale yellow. Wood light, soft, and 
close-grained. Uses similiar to the prece^ng, com- 
mon throughout the Northern States, reaching its 
greatest size on the mountains of Tennessee. 
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CHESTNUT 

The chestnut, is a tn'c, utlainiuf; an a^ci of 

from 400 to <‘>00 yearn, hut trt*<‘s ovi‘r 100 yt'ars are usually 
hollow. It. jicrows (luickly, an<l sprouts from a (4u'stnut 
stump t<^\>ppi<*c C’hestnut,) ofttm attnin a h('ifj;ht of S F<>(‘t 
in the first, year. It has a fairly cylimlrieal sttan, and 
often Ki’o'vs to a heijjht. of 100 f(‘<'l ami over, (’oppice 
chestnut, that is, clu'stnut. (»:ro\vu on a.n old stump, furnish(‘s 
hotter timher for working than clu'stnut j^rown from the 
nut, it is heavi(*r, l(‘ss spongy, strsiighter in jj:ra,in, <‘a.si(‘r 
to split, and stands (‘xposure lon}»:(‘r. 

26. Chestnut {( *a,s(atu‘a vNl{/tn'iH var. Atnrrinino). M(‘- 
tlium- to larpic-sized tree, n(*v(‘r forming for<‘sts. Wood 
is lisht., mo<lera,tcly hard, stilT, {‘la.sli<*, not stroufi;, 
hut very <hu*ahlc when in contact, with tlu* soil, of 
coai*se texture. Sapwood lifj:ht, la^artwood dark<‘r 
hrown, and is n'miily distin}»:uishahlt\ from tin* sap- 
wood, w'hich very early turns into lu'artwood. it 
shriidcs ami clu'cks consi<l(‘ra.hly in (IryinK, works 
easily, stands well. The. annual rings are v(‘ry dis- 
tinct, uKulvdlary rays v(‘ry miuut(^ a.ml not visihk* to 
the naked eye. Used in <!oop(‘rag(‘, for cahitud work, 
agricultural imple.uuMits, raihvay ties, tedegraph ])ol<‘s, 
fence, posts, sills, boxes, cratt'S, collins, furnitmc*, 
fixtures, foundation for V(Mi(‘er, and locjdly in ht'avy 
const.rucUon. Very common in th(‘ Allt‘gha.nic‘s. Oc- 
curs from JMaine to Alitdiigan ami .mmthward to 
Alahama. 

27. Chestnut {CaMoiira dciiMn va.r. resra), M(‘dium- 
si55e<l tree, m'lver forming for(*sts, not <*ommon. 
1Ie.artv-woo<l hrown color, sai>wood lighl.er shade, 
coarse-grained. W<><kI and us<‘s similar to th(‘ pr<‘(*e<l- 
ing. ()cciirs scat.tered along t.h(^ St.. Lawrences Hiv(‘r, 
.and even there is met with only in small (plant it ies. 

28. Chin(],uapin {CaMatwa jmmMa), M('dium- to small- 
sized tiw, with wood slightly heaviiw, hut ot.lu'rwdso 
similiar to the precioding. Most c.ommon in Arkansas, 
but with nearly the same range as Caalatmt vulgaris. 
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19. Chinquapin {Caatama chrysophyUa). A luediuin-sized 
tree of the western ranges of California and Oregon. 

COFFEE TREE 

10. Coffee Tree (GymnocUulm dioicim) (Coffee Nut, 
Stump Tree). A medium- to lai*go-sizod tree, not 
common. Wood lioavy, hiu*d, strong, very stiff, of 
coarse texture, and durable. Sti]>wootl yellow, heart- 
wood reddish brown, shrinks ancl chocks consitlorably 
in drying, works well and stands well, and t,akcs a 
fine polish. It is used to a limited extent in cabinet- 
work and interior finish. Pennsylvania to Min- 
nesota and ^Vrkansas. 

COTTONWOOD (See Poplar) 

CRAB APPLE 

31. Crab Apple (Pyrun corotuiria) (Wild Apple, Fragrant 
Crab). Small-sized tree. Ileartwood retldish brown, 
saiiwootl yellow. Wood heavy, hard, not strong, 
clos<vgrained. Used principally for tool handles and 
small domestic artiel(‘S. Alost abundant in the middle 
and western stntes, reaches its greatest size in tlic 
valleys of the lowcir Ohio basin. 

CUCUMBER TREE (See Magnolia) 
DOGWOOD 

32. Dogwood (Coj'th-ini Jlaruh) (American Box). Small to 
medium-sized t-ree. Attains a height of about 30 
feet and about 12 inch(‘« in dimnetor. The heart- 
wt)od is a red or pinkish color, the sapwood, which is 
considerable, is a creamy wlutc. The wood has a 
dull surface and very fine grain. It is valuable for 
turnery, tool handles, and mallets, and being so free 
from silex, watchmakers use small splinters of it for 
cleaning out the pivot holes of watches, and oi>ti(!ians 
for removing dxist from deep-seated lenses. It is 
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also UKotl for butrliors’ skowors, aiul siuittlo blocks 
and wIkh‘ 1 stock, and is suitabl<‘ for tiinu*ry and inhiid 
work. Occurs scattered in all tlu^ l)roa<i-l<‘avoil forests 
of our country; very connnon. 

ELM 

Wood heavy, hard, strong, ehisti<*, v<*ry tough, moder- 
ately <lurable in contact with the soil, <*oinmonly cross- 
grained, diflicult. to split, and shap<‘, warps and checks 
considerably' in drying, luit stands \v(‘ll if prop<‘rly seasoiu'd. 
The i>road sapwootl whitish, heartwood light brown, both 
with sluules of gray suul red. On split surface's rough, 
texture coarse to line, capabh^ of high polish. Klin for 
years has been the iirincijial woo<l usi'd in slack cooperage 
for barr<‘l staves, also in the construction of cars, wagons, 
etc., in l>oat buihling, agricultural iinph'uu'nts and nue- 
ehinery, in sadilh'ry and harness work, and particu- 
larly in the manufacture of all kinds of furniture, where 
the beautiful (igures, especially thosi^ of tln^ tangmitial or 
bastard section, are just, beginning to be appn'cn.ated. 
The elms are medium- to large-si/.(sl tret's, of fairly rapid 
growth, with stout trunks; they form no forests of pure 
gi'owth, but are foinul scattered in all th<‘ broail-leaved 
woods of our country, sometimes forming a considerable 
portion of the arborescent growth. 

33. White Elm Anuricana) ( American Kim, Wat.er 

Mm). Medium- to largcs-siKed tre<‘. Woo<l in its 
quality and uses iis st.ate<l above, (kmimon. Maine 
to Minnesota, southward to Florida and T(*xas. 

34. Rock Elm (fJ/wm* (Clork Mm, Hickory Mm, 

White Kim, (-lifT Kim). Meilium- to large-siist'd tr(^o 
of rapid growth. Heartwood light brown, oft.en 
tinged with I'cd, sapwood yellowish or gnumish white, 
compact stnieturo, fibres interlaced. Wood luuivy, 
hard, very tough, strong, elastic, diflicult to split, 
takes a fine polish. Used for agricultural imple- 
ments, automobiles, crating, boxes, cooperage, tool 
handles, wheel stock, bridge thitibors, sills, interior 
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finish, and maul heads. Fairly free from knots and 
has only a small quantity of sapwood. Michigan, 
Ohio, from Vermont to Iowa, and southward to 
Kentucky. 

36. Red Elm {Ulmus fuloa var. pubcscens) (Slippery Elm, 
Moose Pllm). The red or slippery elm is not as large 
a tree as the white elm ( ULnius Amcrkana), though 
it occasionally attains a height of 135 feet and a di- 
ameter of 4 feet. It gi'ows tall and straight, and 
thrives in river valleys. The wood is heavy, hard, 
strong, tough, elastic, commonly cross-grained, mod- 
erately durable in contact with the soil, splits easily 
when green, works fairly well, and stands well if 
properly haiidled. Ciu'eful seiusoning and handling 
arc essential for the best i*csults. Trees can bo 
utilized for i)osts when very small. When green the 
wood rots very <iuickly in contact with the soil. 
Poles for posts should bo cut in summer and pecletl 
and dried before setting. The wood becomes very 
tough and pliable when steamed, and is of value for 
sleigh runners and for ribs of canoes and skiffs. To- 
gether with white elm ( Ulmus Americana) it is ex- 
tensively used for barrel staves in slack cooperage 
and also for furniture. The thick, viscous inner 
bai'k, which gives the tree its descriptive name, is 
quite palatable, slightly nutritious, and has a medi- 
cinal value. FouikI chiefly along water courses. 
New York to Minnesota, and southward to Florida 
and Texas. 

36. Cedar Elm (Ulmus crassifolia) . Medium- to small- 
sized tree, locally quite common. Arkansas and 
Texas. 

37. Winged Elm (Ulmus alata) (Wahoo). Small-sized 
tree, locally quite common. Heartwood light brown, 
sapwood yellowish white. Wood heavy, hard, tough, 
strong, and close-grained. Arkansas, Missouri, and 
eastern Virginia. 
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GUM 

This g('iu‘nil tonu u|)i)li('s to thr(‘o important sp<HdGs 
of sum in the South, the principal one usually lieiuK tlis- 
tinguislu'd as “red'’ or “sweet." gum ts<‘e Fig. 10). 
The next in importance being the “tupt'lo" or “bay pop- 
lar,” and the least of the trio is designated as “black” or 
“sour” gum (see Fig. II). Up to the year ,lt)()() little 
wsis known of gum as a woo<l for cooperage purpos('s, but 



Fig* 10. A Largo liod Uuxu* 
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y the continued adviinco in price of the woocU? used, a 
jw of the most progressive mauufactui’ers, looking into 
le future, saw that the supply of the various woods in 
se was limited, that new wt)ods would have to be sought, 
nd gum wiis looke<l upon jus ji possible substitute, owing 
> its cheapness juid abundjint supply. No doubt in the 
iture this wood will bo used i.o ji cotusiderable extent in 
ae manufactui’c of both “tight” Jind “shick” cooperage. 



Fig. 11. A Tupolo Qum Blou^< 
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In ^hc msiiuifiict uro of tho gum, unl<*ss tho knives and 
saws aro kept very sharp, the wood has a temU'ney to 
break out, the eorners splitting olT; and also, mueh dif- 
fieulty has been experitmeed in .s(‘asoning and kiln-tlryinfr. 

In the i>ast, gum, having no marketable vaha*, has b(‘en 
left standing after logging op<‘rations, or, \vh<‘r<' th<‘ la,ial 
has be(‘n ek^ared for fanning, the tn'(‘s have b(‘(‘n “girdh'd" 
aiul allowed to rot, and then f<‘ll(‘d and Ininaal as trash. 
Now, lu)wev(‘r, that tlu^re is a market f<n’ this speei(‘s of 
timber, it will b<‘ profit sible to eut th<‘ gum with tlu': other 
hardwootls, and this speeir's of wood will eome in for a 
greater share of attention than ever btdore. 

38. Red Gum (Ijiqiiidarnhrr atj/nin'Jlua) (Swer't (him, 
Hazel Pine, Satin Walnut, Liipiidamlxa*, liilst<‘<i). 
The wood is about as stilt and as slr<*ng as ehestnut, 
rather heavy, it splits easily ainl is (piilt' brash, eoni- 
moidy eross-grained, of line t(‘xture, and has a large 
irroportion of whitish sapwood, whi<*h rUs'ays rapidly 
when exposixl t.o the w<‘ather; but. thc! nnhlish brown 
hoartwood is rpiiti* tlurable, oven in the gnmnd. The 
exteriral appearance of the wood is of liiu^ grain and 
smooth, close text.ur<‘, but when brokim thc! lira's of 
fraetui’e do not run with appar<‘nt <lii*ection of the 
gi'owth; possibly it is this un<‘V(*nness of grain which 
render’s the wood so diflicidt to dry without twisting 
and wanring. It has little rt'siliency; can b<‘ easily 
bent when steamed, and wlu'u pi’operly drir'd will 
hold its shai>e, Th<^ annual rings are not distirrctly 
marked, medullar’y rays line and num<‘r’ous. The 
gi’oen wootl eont.ains nundi water*, arrd conserpu'ntly is 
heavy arxl dillicult. to float, but when di’y it- is as light 
as basswood. The great amount of water in the 
green wood, particularly in the sap, rnalu's it rlillicult 
to season by ordinary methcxls without warping and 
twisting. It do(^s not check batUy, is tiustele^ss niul 
odorless, and when once seasoned, swells and shrinks 
but little unless exposed to the weather. Used for 
boat finish, veneers, cabinet work, furniture, fixtures, 
interior decoration, shingles, paving blocks, wooden- 
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ware, cooperage, machinery frames, refrigerators, and 
trunk slats. 

Range of Red Gtun 

Red gum is distributed from Fairfield County, Conn., 
to soutlieastcrn Missouri, through Arkansas and Okla- 
homa to the valley of the Trinity River in Texas, 
and eastward to the Atlantic cosist. Its commer- 
cial range is restricted, however, to the moist lands of 
the lower Ohio and Mississii)i)i basins and of the South- 
eastern coast. It is one of the commonest timber trees 
in the hardwood bottoms and drier swamps of the South. 
It grows in mixture with ash, cottonwood and oak (see 
Fig. 12). It is also found to a considerable extent on 
the lower ritlgcs and slopes of the southern Appalachians, 
but therci it. does not, reacili merchantiihle value and is of 
little importance. (\)usiderablo ditrerence is found be- 
tween the growtli in the upper Mississippi bottoms and 
that along the rivers on the .Atlantic coast and on the 
Clulf. In the latter regions the bottoms are lower, and 
consequent, ly more subject to floods anti to continued 
overflt)WS (st'o Fig. 11). The alluvial deposit is also greater, 
and the trees grow considerably fast.er. Trees of the same 
diameter show a larger percentage of sapwood there than 
in the upper i)ortions of the Mississippi Valley. The 
Mississippi Vallt'y hardwood trees are for the most ]mrt 
considerably older, ami reach larger dimensions than the 
timber along th<^ coast. 

Form of the Red Gum 

In the best situations retl gum reaches a height of 150 
feet, ami a diamett'r of 5 feet. These dimensions, how- 
ever, are unusiuil. The stem is straight and cylindrical, 
with dark, deeply-furrowed bark, and branches often 
winged with corky ridges. • In youth, while growing vigor- 
ously under normal <?<>ntlitions, it assumes a loiig, lugular, 
conical crown, much n^seinbling the form of a conifer 
(see Fig. 12). Aft.(!r tlwi tnw) has attained its height 
growth, however, the crown becomes rounded, spreading 
and rather ovate in shape. When growing in the forest 
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the tHMi! pnnu's r<'a<lily at an <'arly period, jind forms 

a gooii lenjJiili of clear stem, l)ul. it l>raiieh<‘s stnmjjily after 
making; most, of its lu'i^lit. growth. 'Flu^ mature tree is 
usually forked, and the place wIumh* the forking (‘omnumces 
determines the numl>er of logs in tlu‘ tre(‘ or its nuMchant- 
al>le length, by preventing cutting to a snuill diam<‘t<‘r in 
the toi). On large trees the sbun is oftt'u not h'ss than 
eightt‘(m inch<‘s in dianu'ter wlu'ni th(‘ br:ui<*hing Ix'gins. 
The ov'er-mature tre<‘ is usually brok<*n jind dry topped, 
with a v<‘ry spr(‘a.tling crown, in conseipience of mav 
branches being sent. <mt. 

Tolerance of Red Gum 

Througlunit- its entire lib' re<l gum is intol('i‘a.nt in slunk', 
tlu're are practically no re<l s(*('<llings umh'r tlu' (k'nso 
forest, cover of the bottom land, and whih* a good many 
may come up under th<' i)in(' fon'st. on tlu^ dri<‘r uplands, 
they seldom (h'velop into largt' tr('<‘s. As a ruU' s<'('<llings 
api)ear only in ck^arings or in op<'!i spots in tht' bnx'st. It, 
is st'ldom that, an over-toppc'd tr(‘<’i is foinnl, for tlu' gum 
<Ucs <iui(!kly if sui)pn'.ss<'<l, and is cons<'(iu<'nt ly in'arly 
sUways a <lominatit, or interm(‘<liat<‘ trt'('. In .•», hardw<K>d 
boUom forest the timber trees an' all of ni'arly the* same 
age over consick'rabk^ art'as, and there is litth' y(mng 
gi'owth to be b)und in the okk'r stands, 'riu' reasoti for 
this is the intolerancic of most, of the swamp speci«'s. A 
scale of intoleramie containing tlu' important sp<*<aes, .and 
beginning with the- most light-<k*mandijjg, woukl run ns 
follows: Clottonwood, sycamore, re<l gum, white elm, 
white ash, ajul iwl mai)le. 

Demands upon Soil and Moisture 

While the red gum grows in various sit.u.a1i<m.s, it pn*- 
foi*s the <leep, rich soil of the hardwootl bottoms, and there 
rcache,s its best development (see Fig. 10). It re- 
quires considerable soil tnoisture, though it thx's tiot grow 
in the wetter swamps, anti does not thrive on dry pinct land. 
Seedlings, however, are often found iti large mimbers t)n 
the edges of the \iplands and even on the sandy i>ine land, 
but they seldom live beyond the pole stage. Whtsu they 
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o, they form small, scrubby trees that are of little value. 
Vhere the soil is dry the ti’ce hiis a long tap root. In the 
wamps, whore the roots can obtain water easily, the de- 
'^elopment of the tap root is poor, and it is only moderate 
)n the glade bottom lands, where there is considerable 
noistm'o throughovit the year, but no standing watei* in 
;he summer months. 

Reproduction of Red Gum 

Red gum reproduces both by seed and by sprouts 
(see Fig. 12). It ]')roduoos seed fairly abundantly every 
year, but about once in three years there is an extremely 



heavy production. The tree begins to bear seed when 
twenty-five to thirty years old, and seeds vigorously up 
to an ago of one hundi'ed and fifty years, when its pro- 
ductive power begins to diminish. A groat part of the 
seed, however, is abortive. Red gum is not fastidious in 
regard to its germinating bed; it comes up readily on sod 
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in old fields and meadows, on dccomposinfi; homns in tlio 
forest, or on bare clay-loam or loamy sjind soil. It rtv- 
quires a considerable tlogroc of light, however, and prt'fers 
a moist seed bod. The natural distribution t)f tlu^ s(‘ed 
takes place for several hundrc‘d feet from the se('d tn'es, 
the dissoiniiration depending almost entirely on the wind. 
A great pai*t of the seotl falls on the har<hvood bottom when 
the land is flooded, and Is either washed away or, if alr<‘ady 



Fig. 13. A 0yi)r(‘4JB Hlough la Uio Dry Hojwon, 
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ill the ground and germinating, is destroyed by the long- 
continued overflow. After germinating, the red gum 
seedling demands, above everything else, abundant light 
for its survival and development. It is for this reason 
that there is very little growth of red gum, either in the 
unculletl forest or on culled land, where, as is usually the 
ca.so, a dense undergrowth of cane, briers, and rattan is 
present. Umler the dense imderbrush of cane and briers 
throughout much of the virgin forest, reproduction of any 
of the merchantable species is of course impossible. And 
even where the land has been logged over, the forest is 
seklom open enough to allow reproduction of cottonwood 
and reil gum. Where, however, seed trees are contiguous 
to jiasturcs or cleared land, scattered seedlings are found 
springing up in the open, and where openings occur in the 
forest, there are often large numbers of red gum seedlings, 
the reproduction generally occuring in groups. But over 
th(^ greater part of the Southern hardwood bottom land 
forest, reproduction is very poor. The growth of red gum 
during the early jiart of its life, and up to the time it 
reaches a dianiot.cr of eight inches breast-high, is extremely 
rapid, and, like most of the intolerant species, it attains 
its height, growth at an early period. Gum sprouts readily 
from tlu^ stump, and the sprouts surpass the seedlings in 
rat(^ of height, growth for the first few years, but they sel- 
tlom form large timber trees. Those over fifty years of 
age seldom sprout. For this reason sprout reproduction 
is of little importance in the forest. The principal re- 
cpiirenumts of red gum, then, are a moist, fairly rich soil 
and good oxi)osure to light. Without these it will not 
reach its best tlevelopment. 

Second-Growth Red Gum 

Second-growth rod gum occurs to any considerable ex- 
tent only on land which has been thoroughly cleared. 
Throughout the South there is a great deal of land which 
wjis in cultivation before the Civil War, but which during 
the subse<iuont period of industrial depression was aban- 
doned and allowed to revert to forest. These old fields 
are now mostly covered with second-growth forest, of 
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which ml Kinn forms an iiiiptirtaiit part ixfc Fijs. pj). 
KrtHpicntly t)vi*r lifty i«‘r ctMil of the i-taml consists of tliis 
s{»ccics, hut mort* iiftcu, uiul especially ttu tin* Atlantic 
coast, the greater part is of cotlonwiKsl or ash. 'i’hese 
stamls art' very <U*nse, nial the jj:r»»\vth is extremely rapid. 
Small stands of yoiniK growth aiv nls<i i»ften fonml along 
tlu* edgt'S of cultivat»*d tields. In tin* Mississippi \‘alh*y 
the ahandiuied fields on which young stands hav«* sprung 
\ip are for the na>st part heing rapitlly eleare<i again. The 
secoml gri>wth here is conshh*nal <if HttU* valia* in e«»m- 
pari.son with the vahu* of tlu‘ land for agrienltur.'tl purpt»ses. 
In many cjuses, however, the farm value of tlu* land is not 
at present suflicient to make it protitahle to <*lear it, ni»h*ss 
the timher cut will at least pay for the* opta'ation. 'riu’re 
is considerahle laml upon which tla^ siTond gnavth will 
iK'come vnluahU‘ timlKa* within a f<*w yisars. Such latul 
should not he ch^ared until it is possible to utilize tin* 
tiniher. 

39. Tupelo Gum ( Xifum mjHittivu) (Bay Poplar, Swamp 
Poplar, (’otton (htm, Ilazid Pitie, t'in’assian Walnut, 
Pepperidge, N’yssal. Tlu* clos«» .similarity which ex- 
ists hetween re<l ami tupelo gum, together with the 
fact that tupelo is i»ft«‘u cut ahmg with nul gum, and 
marketed with the sapwootl of the latt«*r, ju;ikes it. 
not out of phu'o t«> give c<m.sitIeration to this timher. 
The wood Ims a fine, uniform t«*xture, is modi*rately 
hard and strong, is stilT, »«>t elasti<*, very (taigh and 
hard to split, hut ejisy to work with tools. 'i'tipt*lo 
lak(*s glue, paint., or varnish well, anti absorbs vt*ry 
little of the material. In this respect it is <*({ual t«» 
yellow poplar ami superior to cottonwood. 'I'ho 
wood is not durable in contact with ground, ami rtv 
quires much cure in settsoning. The distinction Ihv. 
tween the heartwood and sapwootl of this spewies is 
marked. The former varies in color from a tlull gray 
to a dull brown; the latter is whitish or light yellow 
like that of poplar. The wckhI Ih <»f medhiin weight, 
about thirty-two pounds per cubic foot when dry, or 
nearly that of red gum and loblolly pine. After 
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stnisoniiiK it is dinicult to distinguish tiio Ix-iUcr grades 
<»f sai)\vo«>d from iM)i)lar. Owing to tlio prejudice 
against tupclo gum, it wjis until recently marketed 
uiuler such iianu's as hay iM>plar, swamp poplar, nyssa, 
j'c»tlon gum. «‘ir<*assian walnut, anti hazel idne, Hinco 
it hits lH*<‘omt‘ <‘vulcnt that tlu* properties of the wood 
tit it for many tises, thetlemand for tupelo has largely 
increasetl, ami it is now taking rank with other stanth 
art! w<»«mIs untler its rightftd name. Heretofore the 
quality ami usefulness t)f this wood were greatly 
und«*r<»>limatt‘tl, and the dinicully of handling it was 
magnified. Poor suc<‘ess in seasoning ami kiln-dry- 
ing %\as laiti to dt‘fecfs of the wood itself, when, as a 
matter »>f fact, tlu* failun's wcae largely duo to the 
ah.siauM* of prop(*r mcthoils in hamlling. Tlus piissing 
of thi- prejudic<‘ against lupt>Io is due to a better 
umierstamiing of the* characteristics and uses of the 
wo«»d. llandlecl in tla* way in which its i)articular 
characfi*r <lemamls, fup(‘lo is a wood of much value. 

Uses of Tupelo Gum 

Tupelo gum is now uscmI in .slack coop(‘rage, principally 
for he.'uling. It is used extc*n.siv(*ly f<a* house flooring and 
insitle linishing, .su<*h as mouhlings, door jambs, and casings. 
.\ great ileal is now shippcil to 10urop<‘an countries, where 
it is highly valuctl for different clas.ses of manufacture. 
Much of the woimI is used ii» the manufa<‘tur(‘ of boxes, since 
if works Wi*ll tjpon rotary v<*neer machint's. 'riiero is also 
an increasing demand for tuiK'lo for laths, woo<leu pumps, 
violin ami ttrgati sounding boards, codins, mantelwork, 
ettnduits ami ttoveItu‘s. It is also us(ul in the furniture 
trade for backing, tlrawcm, ami jjanels. 

Range of Tupelo Gum 

Tu|h*U> occura throughout the coastal region of the At- 
Imttic States, from southern Vii^inia to northern Florida, 
ttirough the (Julf States to the valley of the Nueces River 
iti Texas, through Arkansas ami southerxi Missouri to 
wcHtom Kentucky and Tennessee, and to the valley of 
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tlu‘ loww Wulww*!! IU%*i*r. in Ihmuk t'Ntt'iwivc'ly 

millctl at present only in tin* n‘ni»m atljatM'iil t«» Muhih*, 
Ala., anti in stuitlifru anti tviitral !.iitustaiia, wlaTt* it 
tKVttrs in largt* nii‘n*hantal»li' <|Uanliti4*s. attaininti; its 
Ih's! tlt*vt*lt»pnH‘nt in tin* forna*r Itwality. 'I*la* fonntry 
in this ItM'ality is vt*ry svvajnpy »st*t* Kifr 11 <, ainl uithin 
a ratlins of t»nt* hmnlrtsl inil**s tmM*U> tcunt is uia* of fla* 
principal timber trtH*s. It grows imly in tin* swamps an«l 
wetter sitnatutns tset* Kig. II», »»ften in mixlttre with 
cypress, anti in the rsiiny st*ason it stanils in fr«Mn two to 
twenty feet «>f w‘att*r. 

40. Black Gum i .Vf/x«i si//m//cni iStmr tlumi. Hlack 
gum is nt»t cut to much t*\tent, t»wing to its h-ss :ibun> 
tiant supply anti pottrer tpiality. but is umm! for r«*pair 
wt»rk tm w.agons. ft»r btixes, crates, wagon hubs, 
rollers, btmls, wooden ware, anti for cattle y«»kes nn*l 
otht*r pur|»t»ses which rt'tpiirt* a stnmg, non splitting 
wtHsl. Heart wotul is light brown in c»»l»»r, often 
nearly white: sapwissl inirtlly tlistinguish.abh*, tint* 
grain, fibres interwtiven. \VtM»«l is bea\y, mit hard, 
tliflietilt tt» work, strong, very tough, checks anti 
wjvrps ctuisitlerably in tirying, nttf thirabh*. It is 
tlistributeil frtun Maine to southern Ontario, through 
central Michigan to s«»utheaslern .Misstmri. south 
wartl to the valley of the Hra/,os Iliver in 'l“<‘\as. and 
eastwarti to the Kissituna*** Iliver :mfl 'i'atiipa Hay 
in Klorida. it is ftmnd in the sw’amps and hardwood 
boittuns, but is tnttre abnnthint and of betti*r si/e «»n tite 
slightly higher ridges and hummoeks in these swamps, 
utul <kn the mountain slo]s*s in tla* staithern Alleghany 
r<*gton. 'I'intugh its range is greater than that of 
eitlier retl t»r tup<*Io gum, it nowhere forms an im- 
IH»rtant part t»f the bm^st, 

HACKBERRY 

41. Hackbeny (Sugar Hi*rry, Nettle 

Tree). The wtaal is hatulHoine, heavy, html, atrottg, 
tjuito tough, t>f tumlerately fine textim*, atul griHUilMh 
or yellowiah oolor, ahrinkH rucKleratety. works w«U 
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miil siHiuls tuui tuki's u j 5 «<hI p{>Iish. Uho< 1 to 

soiiif oxtont in uiul in Urn nianufacturo of 

choni* furnitiiro. MtMiiunt- to lHr| 2 ;(^-Ki!KKl tm*, locally 
quite l•l>m!n«^n, larnest in th<‘ low«‘r Miasissippi Valley. 
OrrurM in nearly all parts 4>f tint <*jist(‘rn United SUites. 

HICKORY 

'Fin* lnek»*ries of eonnnerei* are (‘x<‘Iusiv(‘ly North Aineri- 
ean, ainl soiia* of them ar«‘ large and heantiful trees of 
tut 7»t f«*ei •»»' mon* in laaght. Th(‘y are closely allied 
to tin* \\alntit. and tin* wots! is very like walnut in grain 
and color, though «»f a semM*what dark(*r brown. It is one 
<»f the fiiu'st of American hanlwoods in point of strength; 
in tonghnes** it is superior to ash, rath<‘r (‘oar.se in t.<*xtur(^, 
smooth and of .straight grain, v<‘ry h<‘avy and strong as 
well :ts elastic and timacious, but d(‘cays rapidly, esjx'eially 
the sjipwood alu*n (‘xposisi to damj) and moistun^, and 
is very liable to :itta(‘k from worms and boring ins<‘et.s. 
'I'he cross-section of hickory is p(‘culiar, tin* annind rings 
jippear like line lines inst«‘ad of lik(‘ lh(‘ usual port's, .and 
the medtdlary rays, which are also very lint' but distinct, 
in cntssiiig these form Ji peculisir wt'b-like jjattt'rn which 
is one of till' clnu'.actt'risf if dilTt'rt'nct's bt'twt't'ii hickory 
and ;tsh. Hickory is rarely .stibjt'ctetl to artilici.al trejit- 
namt. Imt there is this curious fact in connt'tition with the 
wtKid, that, contrary t<» most <»ther woods, ertjosote is 
only with ditficulty injected into the sap, although thtu’e 
is no dilfictdty in getting it into the heartwood. It dries 
slowly, shrinks and checks t'onsitlerably in seasoning; is not 
duralde in etmtaet with the soil or if exposed. Hickory 
€*xc»*ls as wagtm atid carriagt' stiwk, for hoops in cooperage, 
iitid is exleitsivt'ly ttstal in the nuinufacture of imple- 
ments and nmtdunery, f(»r tool handles, timber pins, 
hiirmvw w<»rk, thtwel pins, golf eluhs, and fishing rtxls. 
Tint hiekortos are tall tw**>s with slender stems, never form- 
ing forests, occasiotially small groves, but usually occur 
aeattered among other broad-leaved trees in suitable looali- 
tieii. Tho following species all contribute more or less 
to ilie hiekoiy of the markets: 
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42. Shagbark Hickory ttvithn ( Siit*iltiurk Hirk- 

nry. Srjilylmrk !iii'k»»ry*. A to tarKi*-M/<>ti 

tm*. ; (U«‘ favnriti* aiiuMiu; tU«' liu*k«*rii‘s. 

IIt'urt\v»M«l ItKbt !*»•(*%% u, ivory or I'roaiu- 

(‘oioroi. roitipiif't *'lnjrluri*. 

nimuul rinKs I’loarly iuark«'«l. \ «*ry lianl. la*a\y, 

.o^troiig, tonsil, aii«i ik'xittli*. latt not thiralili* iti roit- 
(nrt with tin* <* 1 ' \vh«*ii iajmi-.oiI. I'M’ii for aKri- 
ctilturnl iiuplrmi'iils, »hi*«*l nt^^^H•r^. tool haitiilt^'i. 

vt'liu'k* part**. I>a"k<*f'‘. ilowi-l jtUi'-. Warja*''* \%«irk. jfolf 
flnlis, itxhiiiK roiU. otr. in ila* « >hii> 

aial .Mi''*.i>.>i|»pi l»a>in'>: from |,aki* Ontario io Toxas, 
Minnt‘M»tn to Klori<la. 

43. Mockernut Hickory ! ( , lUark Nut ilirk- 

or>, Itlark llh'kory, Unll Nut llirkor.\. hin itu<) 
llit'kory. Whitt* llfart l{ii*kitr\ \ lui'iltiiiit' to iaryi* 
sizial tr«‘i*. WtMMi in it** <(naiity ami U'-f' '"iiuilar t*» 
(la* |n*<*<H*iiinij;. !l> rant{»* i't (Iti* '•ana* a- that of 
liivtu'iti itnitit, ('ontintin, t*'.|M*t*ially in lla* South. 

44. Pignut Hickory t //»Vorm itUiUrn- iUr*»\\n llifkory. 
ittacU ilifkory. Switfhlnnl Hifk**r> \ inotiinin- to 
hirgt*»}>iizt*ii tri‘i*. ll«*a\a*r jtmi ''■ir<ni|,»or titan ;iiiy 
itf tla* prnt’t'tling. linartwooii light to ilark l*rt»wn. 
mpwtKttl lu'urly \vhit«*. Ahiimiiint, all f.'i'-tfrn I nit«*ii 
Statfs. 

46, Bittarnut Hickory » //fV’i«*m minamn iSxsiinip Hifk- 
<>ry>. A nt(*tUtnnv'<t/.t*ti !rt*t*. fttvoring ui*t hH’:tliii«*s. 
liaartwoftti light lirtiwn. Hipwood lightt*!* rolor. Wooil 
in itH (ptaUty anti u.'ina ntt( wt vaUtahh* Jt" //onrin 
tmtUt, hut in uwtl ft»r (la* .Hjimt* i>urpoN*s. Ahunthtnt, 
all t'aalt'i'it thiitt*tl Statt*s. 

46. Pecan ( liimnu iHtutn) (IlltnoiH Xiil). A largo tria*. 
vi»ry rntninttn iii tin* fnrtih* hottoitiM t»f thi* wontmi 
Ktmuns. liitliuna tn Nobraakti atai watt h want tt> 
IxmiHtauH tintl Toxua. 

HOLLY 

47. Holly (fUtx optita). Small to mfHiiuin-MijMHl tiw. 
W<kkI of medium weight, luurd, atrotig, tough, of 



fxrtM'ilinuly fuM* Kmtn, cIosct in tfxtim* tluin ni<»st 
wooiis, of uhili' <“ol<ir, M>iiu*tinu*s almost as whila jus 
ivory; raijuiras <‘ar«* in its traatmant to pra- 

.M*rva lha \^liit(Mta>s of tha wootl. It doas not raadily 
idtMirlt fona^n nnittcT. Mnah ns<‘<l l>y turnam juid 
for all parts of mttMaal instrmuants, f<ir luimllas on 
whips jtiid faiu’.v art talas, tlrtiiifsht-hoanls, t'lij^rjiving 
hloal\>. aal»ii»«‘t wttrk. ata. 'I'lia wooil is oftan dyatl 
hlaak and sohl jts ahony; works wall and sttinds w<*ll. 
Most afaimhint in th«* lowar Mississippi Valh‘y Jind 
(Jttlf Statas. hut oaauriuK aastwanl <*> ^Itussjialmst'tls 
and iiortlt to Iitdiana. 

18. Holly lUx nindfiriilit) iMottntjiin Holly). Snnill- 
‘•i/.ad tn‘a. W’ooil in its tpmlity tind usas sintilar to 
tita praaiMlinM!. hitt is n«>t vary inaju*rnlly known. It 
i". found in tlia t'atskil! Xhainlttins jtnd <‘xl«‘nds soutli- 
ward jilonvs tha Alla^thanias as far tus .Ahihanni. 

HORSE CHESTNUT (See Buckeye) 
IRONWOOD 

19. Ironwootl ’Ostrijn Vlnjinhum) (Hop IIornh(\ain, Is'var 
Wood'. Sniall-si/,a«l traa, aommon. Ilaartwood lijjjht 
hrown tinf5«*»i with r«*d, ,sapw*ood naarly whitcu Wood 
haavy. touuh. «*\aaa<IinKly alosa-Krstiiasl, vt‘ry strong 
and hanl, dunihla in aontaat with tha st>il, jind will 
tsiKa a liiia polish. I’stsl for small artiah‘s lika 1(‘v<m‘s, 
httttdlas fif to«>ls, mallats, <*ta. Hangers throughout 
tha rnitad Stjitas aast of tint Rocky Mounttuns. 

LAUREL 

50. Laurel ( V mMlularin Calif or ni-ca) (Myrtle). A Wost.- 
arii triH», prothiatw timlK‘r of light brown (tolor of grcjifc 
sljsa and Inwity, and in vary viUuablo for ctibinot and 
insidi^ work, n« it takiw a fint* polish. California and 
Oregon, enaat riuigt» of the Sierra Nevada Mountains. 
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LOCUST 

ftl. Black Locuat i W'lluw 

|.iti'Uol. At’iH'J.'i !•» iri*!*. Winui 

vt‘r>' Iwavy. ‘•!r«mis. uiul ri'alhnu .'•••hh* 

tif ttu* )u‘>t ttuk lit this latter t|itaiit>. 'rtie \\«Hn{ has 
Ijreat ti*r>iiuijil ft remit h. »‘\eeU»iit iinisi t*f the -.oft 
WOfici^ til thi’* re*HM*et. «*f eiiar*'** le\tui‘e. eh»'»* lirainet) 
luul eompaet ft met ui'i*. taUi'f a line {fthfh. AiuiUal 
ritiji** I'learly markeil, \ery iliirahh* iu eiuitai’t with 
the foil, shriiikf niul eheekf eoufiilerahly in tlr.\iitt£, 
the Very narrow sa}mooii itreeiiifh yelhov, the heart' 
wood hrown, with fhaih*s of rt*il and y,rei‘n. I'fed 
for ttanoii hulls, trenails or |»inf. I ml e\|ie<*ially for 
railway lies, («*nee |ioftf. ami door filK. Ah-o used 
for hoat parts, turnery, ornanientations, ami loesilly 
for eoiistruetion. Abroad it is mueh useil for furni- 
ture umt farmintc iinphunents tind .also in turnery. At 
home in the .\lletchany Mountains, eNteiisively planted, 
espeeially iu the West. 

62. Honey Locust In’tirtiudtoMi . Hom*y .'^hueks, 

hoeust, lllaek hoeust, Hrown l^ieust. Jswei't I.oeust, 
False Aetieiu, 'rhnn*-'rhornetl .\eaeiai. tuediuni- 
sissetl tria*. Wood heavy, hard, stronii. toutih. durable 
In eontaet with the soil, of eoiirse te\ture. suseepti- 
hle to a gootl polish. 'Hie narrow supwisid yellow, 
the heurtwiMid brownish retl. So fur, but little a|»- 
preeialetl exeept for fenees and fuel. I'sinl to some 
extent for wImm* 1 hubs, and hK*ally in rouuh eon- 
Htruetion, Found from Hennsylvania to Nebraska, 
and Houthwimi to Florttla an<l 'rexas: Im’ally quiUt 
abundant. 

53. Locust {HMnitt vixcom) (Clammy fioeuat). TTsttally 
a shrub five or six hiKh, hut known to reach a 
height of 40 feet in the mountaina of Nc»rth Carolina, 
mth the habit of a tree. Wood tight hrown, heavy, 
hard, and eloso-gridned. Not UMod to muoh extent 
in manufacture. Bange sanm as the preceding. 



I.IST OK IMIH»HTANT »!{«>AI) LKAVKI) THMKS «7 


MAGNOLIA 

54. Magnolia iMonuol’nt yUtum) (Swinnp Magnolhi, Small 
Magnolia, Swoft Bsiy, Hnav<T Wonil). Small-siml 
ti'fi*. linartuooii n>«i<lish !»i'own, supwooii m*:iiu 
\vliiti‘. Sparingly ummI in manufartnro. Haiigns from 
(’ounty. Ma>s., to I.«>ng Island, N.V., from 
Now JiTNi-y to I’loritla, and west in the (lulf region 
ti> Tosa'.. 

65. Magnolia (Mnijnulia trijnliil<i\ (l’ml)rella Tre<*). A 
Muall '-i/.od troo. Wood in its (piality similiar to the 
proriMiiiig. It may In* easily n'cognizoil hy its great 
leave'-, twelv«* to «nghtet‘n iia'lu's li)ng, sin<l five to 
eight inehes |>roa«l. 'I'his speei<‘s as well as the prtv 
eeding i'. an ornamental lre«‘. Hangt's from I’ennsyl- 
vania '-onthward 1*» the (lulf. 

66. Cucumber Tree i Mtujtutlin tirnnninuta) (Tnlip-wo(»d, 
poplar . Meditim- to large-sizeil tn'e. Ih'artwood 
vi’llowi'.h brown, sapwood almost vvhitt*. Wood light, 
>oft. 'atinv. «'lo‘v«*-grained, <lnrahl(> in eontaet. with 
the .-.oil, resemhiing anti .sometimes et»nfouiid(‘d with 
tulip trei‘ /.iritnli ntlnm tiilipifrra) in tin* markt'fs. 
The wihhI >hrinks eondderahly, hut s(‘asons wilhtmt 
mneh injury, ami works ami stamls wt'll. It bends 
ri*a«iily whtm steaiiKMl, and tak<‘s stain and paint wt'll. 
I'st'tl in et»opt«ragt‘. ft»r .siiiing, ftir pan<‘lliitg ami finish- 
ing Inmiter in house, ear and shiplutihling, <‘te., tdso 
in the inaimfaeture i»f t«»ys. eulinary woodenwar<‘, jtnd 
haeking f«*r ilravvers. Most eonmion in the sotithern 
.Mleglniiiies. hut disirthufetl frtun wtvstern New York 
to stall hern iltinois. south through eentral Ken- 
lueky iitni TetineH.sta* to Alahama, and throughout 
Arkansas, 


MAPLE 

WikhI heavy, harrl, strong, stiff, and toxigh, of fine 
texture. fttHiutmily wavy-grained, this giving rise to 
“curly" ami “WisUtr" figures which are much admired. 
Not dtimble in tho ground, or when exposed. Maple 
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is iTt'amy whiti*. with -ha«h*s itf liniif i*rn\vn in tin* la*art- 
slifinkf ni«Mh*rati‘ly , st*a‘*«Mi''. work*-, au*l '•tain!'- 
wt'ars , ait«i takt*'* a liia* puli'.!!. ‘I'Im* womi is 

in t'(>i«|it‘ra)£(', am! f<n' ri'iliiiK. ih«uniiK, pam>llititj;, 
siainvay. ami **th«*r liui-hiuii: hitul«*r in lautM*. "hip. ami 
rar «’t»nst nu'iitm. !l i" Us«‘«l f'nr fin* k«*«'l" ««t hnat" am! "hip", 
in tla* mantifartnn* «»f iiiiph'im*nt" ata! inaahimT.v , l»ut 
t'spts'lally for furnitun*. \\ln*ri* «'ntiri* I’hainhiT .M*t" of 
inaph* rival thosi* of oak. Maph* i" al"«» U"»*«l for 'hoi' 
la"ts ami oth«*r fi>rtn l*lt»rk": f*»r "hi»«* pi'U"': f“r piano 
at’thms, sriiooi apparatim. for wooii typo in show Pill 
printinfc, tot»l hamlhs. in wotal caiAitm. tnrm*r\. ami 
si'i’ttll \v«n’k. in fart it is om* of »»nr ino"t n"ofn! v\oo(i". 
'na‘ maph's artMiasilimi-si/tai trf«*s, i*f hiirly rapiii prowih. 
soim*tinu*s form f«»ri*sts, ami froquontly ro!!"titnio :i larui* 
proporthm <»f tin* aH*«irosfont lirowth. Thoy jArow frooly 
in part.s of tin* Ni>rthi‘rn !l!‘misph<*ro. :inti an* partirnlariy 
Itixnriatit itt < 'unatia ami tin* northorn porti»»n" •>f tin* 
l'nit«*ti Statns. 

57. Sugar Maple t.lnr smrhannfn i Hani Maph*. Hock 
,MapIi*l. Sl«‘<Iimn- to largi* si/.fil tna*. wry I’oimnon. 
forms ronsulnrahh* fornst.", and is I'sporially «*"toi*mi*tl. 
'Ha* wtMul is (•loso-Kraim*«l, ln*a\'y, f.airly hani ami 
strong, of rompart stnmturi*. Ilvartwooil hrowtii'li. 
sap\vo««i lighter <*olor: it nan 1m* worknd to a "atin 
likt* sttrfan* ami take a lim* polish, it is mn tinraPh* 
if exposad, am! n*«piin's a goiai final of si*asonit>g. 
Ni«‘«itiUary rays .small Imt distinrt. 'rin* "I'tirly” 
or "witvy” vjirii'tias fttrnish \vtM»d fif imtrh Pajinty, 
tin* pt'anliar aontortions t»f tha grain aallail "Pini’s 
ayf*" haing nmah songht liftar, and tisa»l as vam*ar f*»r 
pnn<*lling, ata. If is usad in ttll gofwi gradas of furnt* 
titra, aalnnat making, {mnalting, intarior itni.sh. and 
t!inu*ry; it is m»t liahla to warp ami twist. It is alsi! 
largely tisad f»»r lhK)rittg, f<»r rolh*rs for wrtitgars ami 
itiangling muahinas, for whiah titara is » larga and 
inartMkHing donuutd. Tha imeuliarity kiaiwii na "htrd’H 
<*ya/’ aitd whiah aauHt*H a difiieulty in working tha 
wikhI Hinuoth, owing tt» the little picooH liko knota 
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up. i'* ‘‘tipposi'il 1«» lie* (hu* tti the* su'tioii of horiug 
ll> r»*<}stt*in'i* to <‘oinp!‘<*ssiou nrro.'es the 
untiii hiultor than that of most eithor \vo<«ls. Haasos 
froui Maine* to Mitiii(*sota, ahuiulant. with birch, in 
tlu* region of the* < Jr»*af Lake's. 

68. Red Maple s.ievr nthntm) (Swjimp Maple*, He>ft. 
.Maple*. \Sati*r .Ma]ile‘>. .Me'tUum-sixie'el tre'e*. Liktt 
the* prcccilints but not .*>0 valuable*. S{*att(*re*(l alouK 
\\ :ili*r"e*ouc‘*e*s attel «*the*i’ moist le»e*alilie*s, Abuuelant. 
.M:iini' tei Miane-Mita. semthwanl to neirtluTU Floriela. 

69. Silver Maple 'Arir stirrhin'iNitni) (Soft Mjiple*, Whiter 
.Maple*, .*^iK e*r- Le‘ave*el .Maple*). .Me*(lium- tei hirge*- 
si/.e*el tre*e*. e’otnmeen. Wood lifj;h(e*r, softe>r, jinel iu- 
fe*i'i*»r t«i Ai't r .‘nuu huruin, :end usually (>fTe*r<*<l in small 
epiaiitii i«**- anel hi*lil **e*parate‘ in the msirke'ts. IIe*.‘irl- 

ri'deii'.h brown, seipwooel ivory white*, (inev 
eraiiie'd. e‘ompae*t ‘structure*. Fibre's seime'time's 
t\si*le*il. wojeNi’ei, or <*urly. .Ned elurable*. Fse*el in 
e-oope*ratti* for \sooili*n\\are*. turne*ry article's, inte*rior 
ele'i'oratioii’* ;iieel iloeerin);. \‘alle*y of the* Ohiei, but, 
oi'e’ur*' from .Maine* to Dakeda jind semthwjird to 
l’lori*la. 

60. Broael -Leaved Maple i.levr niarroph^/Uian) (Ore'^on 

Maple* . .Me*«liuin-si/.e'il tre'e*. feirms e'einsiele'nible) 

fore*st«. .■mil. like* the* prt*e*e*elin^ lues !i liglde'r, seifte'r, 
and le**'-' \ .'ilmeble* wooel them Atrr smTfianini. Feieiiliei 
('ee!»*-l ri'ttieUl*-. 

61. Mountain Maple (Atrr sph'ntnm). Small-size'el tre'c. 
llcartweeoel fiale* ri*eielish brown, seepweieiel lifj;hte'r e'eileir. 
Woeiil liuht. Meft. e'lose'-Rraine'il, anti susct'ptible'! t>f 
htKlt polivj). Uanice's from lowe*r St. Lawrtmet^ Hivtw 
tn> nor! hern Minnesota and re*>!;ie)iis eif the) Siuskatc-h- 
ewaii Hix'er; south through the' Neirtht'rn Sbitets and 
tiloiiK the Appiilaehian Mount aitm tt> (leorgia. 

62. AtsAi-LeftVod Maple (Acer mgundo) (diox Elder). 
Meelititii- to liur|((Meized tree. Hoartwood creamy 
white, aapwoexi ttoftrly white. Wtx>d light, soft, close- 
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gratiu'tl. iM** f*ir \\i*iMli*nw:»ri‘ nu*) }i!i|M‘r 

pulp. at-r**-'* ihi* •••♦ui abuiutaut 

thmuKhout flu* MiH'»i^'.ippi V'sillt-y ai«»itK liatik** of 
>«trt*aii»)* ami honU'r'* of ^ttatup’'. 

63. Striped Maple .Iftr f*t uh.iulruuit'Hm ■ 

Siuall-MJEOil tn'i*. |*ro«lu**«‘’* a \t'ry 'alui** wotiil much 
soutclit after for iiilaiil atal for eataiu't uork. \\ ood 
is li|iht. soft, «*Iost>-}trutiu'(i, aial takes a fiia* polish. 
Not eoittmoit. ttfciir** from l*eimsyl\aiua to Min- 
iiesota. 

MULBERRY 

64. Red Mulberry ul/oriis nihnt'. A small si /cti tre»*. 
Woml MUHleralely heavy, fairly hard ami strona, 
rather touy;i>. of eoarse texture. \ery thtrahle iu eou- 
taet with tla* soil. 'I’he sap\viKi«| whitish, heart woml 
yellow to orautte hntwii. shrink** aial «*heeks eousiihT- 
ably Iu (IryiuK* works well ami stamls %\ell. fsiul 
ill e<M»|M*ratJ:e ami locally ia eousiriietiou. ami iu the 
nmuufaeture of farm implements, ( 'oiumou iit the 
OhUi ami Mississippi \ alleys, hut widely distril ailed 
in th« eastern riiiteii States. 

MYRTLE (See Laurel) 

OAK 

Wood very variable, usually very heavy and hard, very 
atroiiK ami tmiah. porous, anti of eoarse texture. 'I’lit* 
Hapwtaal whitish, the heart wmid "oak" to riMldish brown. 
It shrinks and eheeks badly, KiviitK trouble in st'asonintc, 
but stands well, Is durable, and little subjeet to tlie at- 
tacks of iMinng insects. Oak is us<*d for tnatiy purpos»*s, 
ami is the chief wotal ustal for tight coo{H*ragt^; it is umhI 
in shipbuilding, for heavy eonst ruction, in cariauitry, lit 
furniture, car and wtijcon work, turnery, anti ex*en in wmkkI- 
carving. It is also ustid in all kinds of farm implements, 
mill machinery, for piles and wharves, mil way ties, etc., 
etc. The oaks are metilum- to largo-maed trees, fanning 
the predominant part of a large proportloit dt otur broad- 
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s«» that th«*s<* an* s<*n(‘rally tornwul “ouk 
forests,” thottfi'ii they always eontain consitierablo pro- 
port it»n of otiier kinds of trees. Tliree well-nmrked kinds 
whitt*, retl. ainl live* imk an* distinguished and kept 
s<‘j)arate in the markets. Of the two principal kinds 
“white oak" is the strong«*r, tougluT, less pt)rous, and 
more durable. " Hed oak” is usually of eoamer texture, 
more porous. «>ften brittle, less tlurable, and even more 
troubh*some in si*asoning than white* oak. In carpentry 
anil furniture work red oak brings the* sarnie price at pn'sent 
U'l white oak. 'I'he red oaks <‘vt‘rywhere a<‘<*ompany the 
white oaks. and. like the latter, an* \isually r(*presented 
by several spei'ies in any given locality. " Live oak,” 
onei* largely employeil in shipbuilding, possesses all the 
good ijualities, except Unit of .size, of white* oak, e*ve*u to 
a greateT ele*gre*e. It is one* of the* he*avie*st, harel(*st, tough- 
i'st. and most durable w'oods of this e*ountry. In structure 
it re*sembles the reel oak, but is le*.ss porous. 

66. White Oak !///>«) (Ame‘rie‘an Oak). JMe*dium- 

to l.arge-si/ed tre*e*. Iie*jirtwood light, brown, 
sjipwood lightiT e’olor. .\nimal rings we*ll markt*d, 
medullary r:tys broad and pronune*nt. Wood tough, 
strong, hi*avy. hard, liable* to che*ek in se'asoning, 
eiurable in e*ont;ie*t with the* soil, take*s a high polish, 
\ery e*hesti<*. does not shrink much, anel e*an be’» be'iit. 
to jtny form wh<*n sle*ame*d. rse*d for agrieailtural 
imph'tiients, tool handle's, furniture*, fixture's, in- 
te'i'ior iinish. car eenil wagon e*onstrue*tion, beams, 
eabini't work, tight <*oopersige*, railway tie's, e*tc., e*t.c. 
Ih'enuse* of the* broenl me'dulljiry rays, it is ge*ne*rally 
“e|Uarte*r»sawn” for e*abine*t. work anel furniture. 
Common in the Haste*rn Stutt*.s, Ohio anel Mississippi 
N'alleys. Oee'urs threaigheatt the. eastern Uuiteel 
State’s. 

66. Wlilte Oak (Qiutchh dtmtMlil), Medium- to small- 
simi triH*. Woeai in its ({ualtty and uses similiar to 
the prmxUng. Texas, eastward tej Alabama, 

67. White Oek {Qutrem garryatm) (Westorn White Oak). 
Metiium- to Iai^*-Ki9ted tree. Stronger, more tlurable, 
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IIH({ ttcill '«''/•> \\ ;»s|i 

tnuiiMi lo i alUonuu. 

68. Whittf Oiik (Jill it'u.'t hiiuitii '. Mt'iliimt i<* larj,'!* 

In***, l/irui*"! tciK «tU thf I'ncilif <'•<:»-!. \\iuitl in 
ll'. i,u;tliiv aiiil l-i (J>i> i 'i.' iiUm, i»nl\ jl 

t'> liiti'i' iiiraiiiMl. I 'aliloi iiia. 

69. Bur Oak (J.iinii.i unn-.nift' /oi \Ii •<-'»%•< Mip <>ak, 

<>\ rr t ’lip ( kiK I ii‘ar! »••*«■{ “nak” 
hrouii, xapv\i*i»il liukli-r \\«ini| lifa\.v, ‘Iiimiu, 

tlurat)lt‘ til riiurirt with iIm' muI. 
rHiMi ill ''hip aii>i ii>»alitilil<iiiiu, all 'ihi i>f ntn 
stnii'titui, iIitiM'inr fiiil'h «♦! 1|«H|-.I-*, rahint’l Wurk. 

tiaiit kMitipmiui*. «’arri:in«‘ aiui \\av';*'tt w*‘ik. aijuiruliuial 
iuipl«*m**iii railwav lii*-, ••ii’. * *u«* iIm* ni*i ’ i 

vulilahli* aiiil iiimsI tti.k-h tin l ri))>ii*'){ t»l Vnn'rii’ait 
iijik'*, tti) tn su in iiftv'lit, aii'l, uuliki* iiiif i ttf lin* 
ollmr nak*”. atlapl- h*'fU tt» \ar\ii»i,* 

ttoti*^. it i'< ittif* ttf lilt* iiio^t liut'alilt* nmiii wiu’ii III 

i'«»utju't uifh llm '.nil. ( '<tniiii<tii. aitiiiitiaiit. 

ilniuf.i*'' fi'tiiii Manittiha ttt ’ri*\a>-, aial Irttin tin* 
iiilH nf tin* IttM’ky Mttuiitaiii" !•* iIm* \ilaiiiii* i'lia-i. 
It i'i till* lit<*''t altitiMiaMi itak <>l Kair'a"' aii<l N«'i*ia'ka. 
ami folMii'* lltn .••falliTnii kmtwii a«. "'i'lif ttak 

oj«•ltiIU!;^’' «if Miiim-'iiia. 

70. WUiow Oak i<Jiiti'rnii fihilhwt < Pnarli iiak'. Siiial! 

to iiH*«iiuiii-si/.i*tl trnn, licartwotiil pain lii'ttuii. 

Mapwooil iiKlitor I’oitir. WimmI l»*nv,v, liaril, r-tr«*iin. 
(•oum*-ai’atm*tl, t h'nai^ioiiatiy Unnii tit rtut-^lntnititii. 
Nt'W Ytirk to 'IVxuH, ami itortiiwunl to Koitliirk.v. 

71. Swamp White Oak iQunruH hirnlnr vnr. phitniiititltuK 
l4irK(*-Hii!0(i trt't*. iioiirtwiMKi pnii* itrown. hapuooil 
tlie Hiituo cttlot'. WoikI ht'Hvy, Imnl, atrotia;. toiiah, 
ctMirtMi-Kminwl, nimirkK fi»nMi<ii*mi»ly itt Htamoniiia. 
Uwnl in cottHiruction, interior rmtHit of iuniM'H, fiirriiiao- 
fiiul itontituildinKt uKrieulturiil iuttilenuHitH, hi eiKifMT- 
tMce, railway tieH, feneinK> ete., etc, lianKt*** from 
QuoIkw to OoorKia ami wontwarci to ArkaitaaM. Never 
abundant. Moat abundant in the I^ke HtaUw, 
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72. Over-Cup Oak >Qtnrnts iffntfa) tSwuinp While* Ojik, 

Swamp (htkt. larKe-sizod ln*<*, 

rallu'r as it jsrows in lla* swampy tlistri<*ls 

of < 'arolina ami < ioeu'uia. Is a large*!- fre*e* ilni!! most 
«»f lh»‘ othiT oak", ami pnalue'e^s an e*x<*e'lle*nt timl)e*r, 
lt»»f urow> in elist riels diilieult of aee<*ss, ami is not 
mm-h H'-i-il. I.ovvi*r MtssisMp[)i and eastwarel te) 
I >*-laNS are. 

73. Pin Oak .(Jmrruti iuilustn's\ (Swamp Spanish ().-ik, 
Weefer <>ak'. Medittitt- to Iarge‘-siz<*d Ire***. Ile'jirl- 
woud pah* hrowj! with «Iark-e*oh>re*d sapwoeal. Wextel 
heavy, strong, aitd e'oarse-gniine'd. Common silong 
the hiirdi*!’ - of stri*ajns anel .swamps, attains its gre*a(e*st' 
si/e in the \.-dh‘y of the* Ohio. .Vrk.-tnsas tee Wiseon- 
^in. eenel e*a*lw.'irtl te> tlte* .Mh'glainie's. 

74. Water Oak ijiui'rus mptatirn) (I)!ie*k Ojik, Possum 
< >;ek Medium- to !jirge‘-siy.e*d tre*e*, e>f e‘Xtre*me*ly 
r.'ipid growth. M.-»st<*rn <lnlf St.-itevs, e*!istwarel to 
I>«-laware aeiel ma-thwarel to .Mi.s.s<niri and Ke*ntue*ky. 

76. Chestnut Oak (Jmrnis pritnis) (^’(*lIow Oak, Pea-k 
(>ak. |{<H-k ('h**stm!( Oak). He*!)rtwood elsirk hrown, 
sapweteeel Ughte*!* «-oh»r. Wooel he‘avy, hjird, strong, 
tough, elose-graim'd. elurahh* in e*ontae*t with the* soil. 
I'sed for railw.'iy 1ie*.s, fimeing, fue*l, jmel loe-ally for 
e-onslruetion. I{:tnge*s from .Maine* to ( Je‘orgia. }i.nd 
.\iahama, \vt*s|\vard threaigh Ohio, jinel soutliwtird 
to K«*nlueky anel 'rennesses*. 

76. Yellow Oak iQuhtuh m'nmiuata) ((’lw‘stnni (hik, 
Chimpiapiu Oaki, Medium- te) large-sise'd tr(*(‘. 
Hi'ai'twoeul ehirk hrown. sapweatel pale ])re)vvn. Wooel 
heavy, littrtl. strong, eh»se-gnu!»ed, eUirahle'i in <*em- 
taef with the soil. I’st'd in the manufacture e)f wlu*el 
stock, in eooperage, for niilway ties, fenentig, e*tc., 
etc. Utuiges frenii IsVw York to Nebraska and east- 
ern Kunstus, southward in the Atlantic regiem to the 
District of C^oiunihia, and west of the AUeghanios 
southward to the Clulf States. 
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77. Chinquapin Oak 'V«* rrMx <Ihviirf < 'hin- 

Oak. ,'^iTtih t’lii’Miiul (*!tk». SiuuU-''i/i*«i 
i!«‘aii\v«MM| liuht ilarUcr rotin', 

iiot oilt'f iIm* luarkrl'* ti» any urnat Haiip‘«. 

froin Ma.''sa^•huM•tt^ |t» Oamlina, w;tr«l to 

Missouri, Ni‘l>ra''ka. Kait-U''. aial fa'»t*'i'u 'I’lAa". 
!{i*jifh«*s its Iw'st fitriu tit Mi'-Mtiiri and Kaii''n>. 

78. Basket Oak *iJurn'u/> itiirhuuxii > t'nw t)aki. I,al't*f- 
.siw*t| Iri'i', l.i»i‘aUy atniinlnnt. 

anti t*itst\\ar*l t«» I )i*lawai't*. 

79. Scrub Oak '{Jntrftis HinjttHit vur. pumiltt' > Iksar <>ukt. 

.'>tnjdl“si/.t*tl irt't*. IfnartuiHtd liultt tinmn. saitwoiHl 
tlarkt‘r WiuhI ln‘a\y, hartl. strtniu. nn«l roarM*' 

grttiiani. Ktatml in New MitKlanti and akatK tla* 
AUt*tsltunn‘'i. 

80. Post Oak iQutrrus nh/ttsihulti var, ruiimt'* ' lr<*n t );ik . 
.Mt'dinin- t«» larts* I ti’ft*. iso*“' tiinl»fr of uroai 

Htranuth. ‘riit* fttlor is of a l*r«twnish >t*llo\\ hm*. 
<‘l«»s(*-|j;r.Hint'tl. .uiai »ifft»n snjM'rittr to ih** uliiii* oak 
iQuriTus ttihiti in Htrnnuth and thindMlitN. It i- nod 
for poMts anti ffitriiiK, and ktoally for «'oiistna'tion. 
Arkansas t«» 'I't*\as, oastwanl to Nt‘\\ I’diKland !HmI 
nttrthwartl tt> .MirlitKan. 

81. Red Oak ^(Jm-rcus rnheat tlMark (fak). Modinin to 
larK«’-si stall trta*. t{<*artwiM»d liabt lirovvn !i» roil, ‘.ap 
wiKwl li);i;ht<‘r rotor. Wttotl roarst^-^minisl. woil'itmrkod 
annual riuKs. nun lullary rays fow but lirojid. Wood 
hravy, hartl, sirtniK, lialtlo to rlan'k in statsoninu. 
It is foutiil ovi*r tla‘ saiia* rattier as wliito ojik. and 
is nam* phuitiful. W'ooil is sponKy in leratn. inodia’' 
atrly duruhlr, hut iiniit f<»r wtirk rrtpnrinte strtniielh. 
Ustal for aitrimilturiil intplrnnutts. furnituro, hob 
sleds, vrhntlr parts, btixrs, rtHquiraiecs wiMshaiwan*, 
fixturrs, interior finish, riulway tit's, eti*., rle, Ctuu- 
inon in ali parts of its raiiKr. Maine to Mittti««si»ta, 
and southward to tlie (hilf. 

82. Black Oak (OnercMtt UntJvria var. rtfluUna) (Yelltiw 
Oak). Medium- to largo-sixed treo. IIoartwtKKl 
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l>rin:ht brown tintsnd with rod, siipwood lija;htor color. 
Wood liouvy, hurd, stroll}?, <*<>ai’sc‘-j?ruiucd, chocks 
<Muisiitor«bly in si^asonin}?. \’ory ctmimon in the 
S«mt!u»ni States, but ts'carriu}? North as far as Miu- 
iiosiita, anti oastwartl to Maine. 

83. Barren Oak iQturrttH tn{im var. inariUimiica) (lilatfk 
.Jack, .lack Oaki. Sniall-sizod tree. HoariwtKid 
tlark brtiwn, sapwood lit?htor cohu-. Wood heavy, 
hartl. stroll}?. <Mtars<*-}?raiiuMl, not valuable. Usotl 
in fht* luanufacturo t»f charcoal anti for fuel. New 
York t«* Kansas and Nebraska, anti southwartl to 
Kloriila. Itare in the North, but abundant in the 
Sont !i. 

84. Shingle Oak iQutrrns hnhrirnn’ti) (Laurel Oak). Small 
to nM*«iiuni-si/.iMl tret*. Ht‘artwoo<l pale retldish 
brtiwn, -apvttod li}?hter color. Wt»od heavy, hard, 
.str«»ng. eoarst’-}?raint*tl. cht‘cks ct>nsi<leral)ly in tlry- 
iiig. rseil for shinglt's anti locally ftir (it)nst ruction. 
Hare in the t*ast. nit>st abunthml in the lower Ohio 
W'dtey. Fntni New Yt>rk to lllintns and southwartl. 
He.aeltes its greafi'st size in southern Illinois and 
Indiana. 

86. Spanish Oak 'QturrusuliijiUtUi viir. falraht) (Hetl Oak). 
.\Ieiliutn'si/.eti tret*. Heart wood light, rt'tltlish brtiwn, 
sapwood nmeli lightt*r. Wotid ht*avy, hartl, stning, 
coarst'.grainetl, ainl eht‘cks eonsitlt*rably in s(*ast>ning. 
Tsed hteally for ctmstruction, anti luis high fut*l value, 
t’oininon in Mtuth .Atlantic anti (lulf regitui, but ftuuid 
from 're\as ti* Nt‘w York, aiul ntirthwartl tt) Mis- 
souri ami Kentucky. 

86. Scarlet Oak iQutrvuit twnM'u). Medium- to largo- 
siml tna*. lleartwtKMl light reddish-brown, sap- 
wtaal darker cohtr. Woocl heavy, Iiunl, strong, and 
eoursc’-gritiiMHl. Best <lev'elt)j)t*d in the Itiwer basin 
of the Ohio, but found fniin Minnesota to Florida. 

87. Liva Oak (Querem vireiiH) (Maul Oak). Medium- to 
larKtHsised tree. Growa from Maryland to the Gulf 
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of an«{ onfu alljiio- a In'itiht of IM> fi*«<i anti 

■I fiH'i til riti* w«»oil i<. hanl, 'ii'Uii*. ami 

ilitraltli*. l»ui of ratlior rajiiti itrowtii. t iiiToforo not 
t£ooil t|ualil> :i' ijin iiUnt. I'lii' li\i‘ oak of 

l'*loriila i- now r»-Hor\ nil flu* i niliMl Staios fiovont' 
nii'iit for Na\al |»iirpo'.o‘-. I' l-ii for maiil* ami mal' 
li't-'. tool hamlli*'*, ami loralU for «’*«ii’'irm'iioii. 

Sfalti*n*«l aloim tin* I’oa'-l from Marvlami to ‘i’l-xa**. 

88. Liv« Ottk riintstttt fu'ii . Maul Oak, Valparaiso 

ttnki. .Mi'ilium to -.mali *.i/:i«,i f '.atttorni.a. 

OSAf'.E ORANdK 

89. Osage Orange Mtu lmui tiurmidiu ti • Ifoi *I’ Ar«* '. 
A suiait IriM* of fairl> r;ipi«I piowili. Wooii 
\<*r.v Ihn'ivy, f•\t**•«‘lliltgl_\ liar*i, ‘Inua;, mu tou^',lt. «if 
inoii«<rjit»‘ly foar-i* !«*\luri*. aini \«*r> «iuraltl«* ami 
(‘la.'itir. Sajiwooil voHow. imartwooii lirown on tho 
t*ml fui‘«% yi'llow on tin* iongitmiinal faia*", : oon 
turning gra^islt Itrown if ^•vp**•«*•|. It -.hiinks I'on ■ 
snlnrulily in lirying, luti oma* ilr\ it •laml iinn ually 

Murli ns»*i| fi»r w 1 »h *1 ‘toi'k, ami wa^om franiinu: 
it is easily '•pUt. -.o i'. nniit for wlaa-l hiitf. t»ui i*. \»t\ 
stiitaltli* for s,nok«*s. It i^ rttn •i«li-n‘ti om* of 

tin* timfiers likely to supply the plai'e of hkaek loeu'-t 
for insulator pins on telegraph poles. Seems too 
little appreeiute»l: it is well suiteil for lurneil ware 
uml espeeially for wiK«learving. I'seil for spokes, 
iiisiilutor pins, posts, railwti.v ties, w-.Hgon framing, 
tttrner.v, timl waMslearving. Si*al 1 er«Ml Ihrougli the 
rich liottoiuH of Arkttnstis amt 'rexjis. 

PAPAW 

90. Papaw {Aniniittit ttihlm) tCusttml Applet. Siiiall- 
Kiaefl tr«g% often only u shnih, lleiirtwiKHl pale, 
yellowish gri*eu, HapwtKKl lighter eolor, Wtaal light, 
Hoft, oonrHe-graiuett, and Hpttngy. Ntti umhI to any 
extent in ntanuftuttnre. Ocmirn in eaetem and central 
PonnHylvania, weat m far aw Michigan i«id KanetiH, 
and couth to Florida ami Texan. Often forming 
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PERSIMMON 

91. Persimmon > />/ii.v/»//vw Vinjiuhnta). Small to m<*<lium- 

ti'iM*. \S'oiii{ y«*ry lH*:tvy, and hard, stron}? jukI 
toimh; r«».»*nil lurkory, Init is of fiiu'r t(“xtur(* and 
Imt li;d»k* t»> split i» workinj;. Th(‘ hrojul 
sapnood <’n*;»m tho lavirf \vo<»<l brown, somo- 

timoH {iljiio>t blark, 'fho pnrsimmon is thc‘ Virfsiniii 
dal«* phim. a tr«*«* «»f :u> to oP f<*<'t hi{i;h. and IS to 20 
inidios in tliann'tor; il is aot«‘d chii^fly for its fniil., 
bni it pnalnt’o- a \\o«»d of (‘oasidc'rabh' vahu*. Used 
in tnniiTy. f«»r wood «‘n}j:ravinti:, shuttles, bobbins, 
piano sto«'k. ^hoo lasts, and larfj:t*ly ns a substitnta 
for ito\ Iti/.nts St frii't ns) <*sp<‘(Mall.v th(‘ blax'k 
or \I**\i«'an \jiriofy, also ustal for po<‘k<‘t' r\d('s ami 
dr.’iwinu si'.aii*'-. for thitos and otlaa* wind instru- 
nionts. { ‘(»titnion, am! lu*st dovt'lopod in tli<* low<'r 
< tbio \ allov. but ooonrs froiti Now ^’ork to "^roxas 
and Misvonri. 

POPLAR See also Tulip Wood) 

Wood littht. \or.\ soft, jjot stiMm};, of lin(‘ t(‘xt.ur(>, sind 
wbiii-b. i:ra.\is|j to yollowish c'olor, nsuall.v with a sat.in.v 
Utstor. Tho Wood '■lirinks modoratol.v tsomo <*ross-|i:raiiu‘d 
forms warp ovoo^isiM'ly •. but ohooks vor.v lilth' in s<‘jison- 
inu; is i*asily workod. l»ut is not «hirabh». I'stal in aoopor- 
ap*. for t*nilditi|u: and furiiitnro lumlxM’, for oralos tmd 
bttxos i'spitidall.v ortn'kor b«»sos), for wo<»dt‘nw'!iro, and 
papor pulp. 

92. Cottonwood mnnilifvrn, viu*. an{/ulala) (('{iro- 

Utta Po]tturj. I.tirjso-siml tms forms (tonsitlorable 
forosiH alottic iimity of the Wt^slent Ktre4uns, and 
fitriiislies most of the e<»ttouw'ood of tho market. 
Heart wihmI dark brown, sapwtKMl nearly white. Wood 
light, not Htriiiig, ami cloKO-graitietl (see Fig. 

14). MisMiMKippi Valley and West. New England 
to the Kooky Mountains. 



7K SKASUNIN<; i>K 

93. Cottonwood fn-rntmtii vnr. u'hUzt uh, Me- 
dium- tt» tm*. (*c>iuiuon. W«unl in i(s 

quality aiut ust*s Httniliut* to tin* i»r<‘(*4HUng, l»ut iH>t 
st> vutuuliU*. T<‘xa!< ti» ( ‘uliforitia. 

94. Black Cottonwood < frichomr/m vnr. hvU rtt-- 

phpUti^ fSwainj* < ’oltonwiHMl, Downy Poplar). 
lar^rst <lvfiilutms trvv of WitHhiuKton. \«*ry <‘onunon. 



Pig. 14. A LatfN One at tli« Awnwiifttos «i RmI Clutn. 
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I wtMHi brown, sapwood liKhtcr bn>wn. Wood 
<’loM*-KraimMl. Is now inunufat*t.uro<l into Imu- 
biT in tho \V<‘.st un«l Stiutli, an<i ustui in interior finish 
of bniltiin>js. Nortliern Hoeky Mountains and 
Pai’ifn* rt*)cion. 


96. Poplar ^PnjmiuH nmuduUnUitfi) (I^arK<‘-Toothe<l As- 
ptMji. Mo«iiuni-si7,o«i trta*. Ileartwood lijrht l)ro\vn, 
sapwood noarly wliite. \Voo<l soft and clost'-grainod, 
noilhiT ^lronK nor tluruide. (’luefiy ust*<i for wood 
pulp. .Maino to .Miim<*.s<da un<l soutluvard alonia; 
th»* AnoM:bani("<. 


96. White Poplar i i*npulus alha) t Abole-'rive). Small 
to nioiliniii->i/.<‘«l tr«*o. \V«m« 1 in its (luality and uses 
similar to tla* prf<n*dinfs. Found principally Jilong 
b:ink>* of streams, iu‘V<‘r forming fon^sts. Widely 
iliHirilmted in tin* I'nited States. 


97. Lombardy Poplar < Populun niijra ifdlira), Medium- 
to large "i/od tree. 'I'his spi‘eU‘s is the first oriui- 
niental tree intnslueeti intaa the l'nit(*d Stale's, and 
origin.'tted in Afghanistan. Dot's not enter into the 
market*.. Witlely planlt'tl in the I’nilt'tl States. 

98. Balsam Populua httl.'niim'/tT4i\ ( Balm of ( lilead, Taema- 
hae'. .Medium- to larg(>-.si/.e<l trt't'. Ilt'artwood light 
bi'oun. sapwtMsl nt'urly wliitt*. Wootl light, soft, 
n«»t stnmg. ehise-graint'tl. I'st'd extensivt'ly in the 
m.’itmf.'tetttn* of pupi*r ptilp. C^nninon all along the 
northi'i'n iMiundary of the i'nited Sttites. 

99. Aspen i i*ttpuiuH In'MitloHra) (tiuaking Aspen). Small 
to inetltiiiiesixed tree, tiften fetnning (extensive forests, 
ami eovf'rtng buriuHl areas. Ileartwood light brown, 
sapwcMwi iieurly white. W<M>d light, soft, cjIohc- 
gritim*d. neither strong nnr tlurable. Chiefly used 
for \v(KHietiwtun\ (HKt|)ermn\ tuul palmer pulp. Maine 
to Wtishitigton and northward, and south in the 
western mountains to California and New Mexico. 


RED GUM (Sw Gum) 



SAXSAFRAS 

100. S^HRHfrUR Ml- te •> , -i/i'il 

l.’irm’ *1 m tl»»* M "SI *j** V liylii, 

Mill. jM't "irttity. litMlli*. “i ro.ii-.*' it viiin'. tiiirali|i‘ 
ill wi'll llu‘ rJli* 'IpH-ntil tin. 

hi*:it'l w «**«l I -'‘ I t** -tnm* i-vli'Ul lit 

!»l:i(*k itii' i-Uitf :iiiil ti'tu'um. 

"in'*. I’ll’. Oi'i'iif’ ^I'Miii N«‘tt i .ii]ii;i:iiiti ft* Ti-NaH 
utui frotti MirlitKaii t*« i 

SOUR CJUM Sff (JMin 
SOURWCXm 

101. Sourwood »i '■/>***• u a* Smi'I'**! I’i***’ . 

ti’iv, ri‘iit’liiii|t iIm* luaxiuniiii in'iitht **i ♦*!> !***'i. 
Hi'iii't wiMiii -.aiiuxo'l lii;lii«‘r i’i*l«ir. 

\V*»uil hi'Hvy, liJtr«l, siruiiiJ!:, uiaiii*'*}, aii«l fak*- 

a lilii* ftaiiKi*** inuii l*i*iin*'> 1% ama. almia flu* 

.VUi'tsltairH*"*, to Ktoi'iiia atul Maliaiua. w*-.iwai*l ihroiiuh 
Ohio to southiM'it iiiiliaiia ami M*tillt\\ai'«i itir>»ui'h 
ArkaiissiK amt I.otii>.iaita l*» tin* t ’oa* !. 

SWEET GUM Stft* Gum* 

SYCAMORE 

102. Sycamore ( /Vff/it/iMK oiWi/t'ii/it/i.vt < Hiittonwooil, Itiif- 

ton-IiuU 'rm*. Plum* Ti'i*i*, WuIit liin*fh». A larita "i/iMl 
tm*, «f rnpiil growtti. Om* of tin* larw:i‘f*t tiia'iiiit- 
mtH trot*s of tim I’ltltoil Statos, Hoitirtiim*)" attaitsiiiK a 
luMghi of UK) foot. It imMiiUf'M it that ih iiioil- 

watoly hoavy, tiiiito hard, HtitT, Htroitis, nml totiich, 
UKually o.roHH-KraiiKMi ; of coarM* toxtim*, litfiM’iih to 
wpUt ami work, MhrlnkK uaKioratHy, hut warpn ntiti 
choftka couHUlorahly in Ht*HMoninK* hwt HtntulH woll, 
ami w not cotiHidoriHl durtiliUt ft»r outaUlo work, or in 
contact with the mil. It hiia broad moduUiiry rayn, 
and much of the timber haa a beautiful flKitre. It 
i8 uBcd in alack cooperage, and t|idte extenmvely f«»r 
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«lrawri”», hac'ks. aiit) hottoins, otc., in fiirnituro work. 
It i> alM» for rahinot w«>rk, for tolairn) boxos, 

oratf>. tb-'.lv!'. lltHU'iiiK, fnrnitun*, ox-yok(‘s, butduu* 
blookN. anti aLo for rtni>htiitj; buniM‘r, \vli<‘r<‘ it. Iuih too 
lonuc Immmi imtiorraitni. ( ’oininon aiul larjjjost in tho 
< >luo and Mi'".iH'.ij»|»i \ alloys, at honu‘. in noarly all 
part" **f tho oa^torn I'nitod Statos. 

103. Sycamortt PItihimts rurttuttsti). Tho ('alifornia 
>|)ofio'.. ri*‘.oiobUnK in its wootl th<j Kastorn form. 
Not u*'od to any m'oat »*xtont. 

TULIP TREE 

104. Tt»li|> Troe > l.in'tuti iultunt tuliptfira) (Yc'llow Poplar, 
Tulip \\o«»d. Wbito \Vot»d, Canary Wood, Poplar, 
Him* Popl.’ir, \V bin* Poplar, Iliokory Poplar). 
ntodiunt to l.'iruio m/o» 1 lro«*, «1 (m*s not form forosts, 
but i* ipiifo oommoii, ospi’ci.'illy in th<‘ Ohio basin. 
W«M«d u*'Ually liuhl, lait varios in \v<*ifj;ht, it is soft, 
touub, but mit ''trontr, of lino t«*xtur(*, and y<‘llo\vish 
oolor, ’I’lu* \Nood '•brinks oonsitlorably, but soasons 
without iom*h injury, and works .'ind stands (‘xtromoly 
wi'll. lloarfwoitd Uiiht y(‘ll«av or {?r<‘<‘nish brown, 
ibo ‘»apwood I- thin. n«*arly whito, and d<‘<*ays rapidly. 
*riM* bo.’trtwood i' fjdrl\ durablt* whon t*xpo.sod to tho 
woalbfr or in oontjtrt with tht* s«ul. It bonds roadily 
whi*n •'toaiiiod, jind takos stain ami paint \v<*ll. 'riio 
litafuro f«»r«**i -Kfow n troo has a lonfi;, straijijht., oylindri- 
oal boh*, olour of braiiohos for td loast two tliinls of 
its loiiKtb. ^urmountiul by a .short, opon, irroKular 
or*»wn. Wlton KirtnviuK in tla* opon, tht* troo main- 
tain" :i straiicht stom. Imt tho orowii oxtonds almost 
to tho Kroiind. and is «if o<mioal shtipo. Vollow poplar, 
or tulip wimmI, ordittartly tsrttws to a hoi^ht of from 
HMI to KJo foot, with a diainott'r of frotu 3 to (> foot, 
tiittl u oh*»r lotticth of tibout 70 foot. Troos have boon 
f*minl HKt find high iiml ton foot in <litunotor. Usod 
in muiiH^ruico, for Mtling, fttr punolling and finishing 
lutnlMtr in tunitw^, oar- an<l ithipbuihiing, for sidoboards, 
piinc*lM <>f waguna and carriages, for aeroplanes, 
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for »utoiiiohiU*>, uIho III till* ttiHiittfarttin* of fttriuturt*, 
fiiriii niipU’iii«*iit>, iimi’hifii‘r> . <or j»utn|» Io^n, ami 

uliuo.Ht I'M'ry kiiui of rouiiiioit >%o<M{i>ii\\:tro, ho\cs, 
hIkOviuk. ilrawor-*. l•!l^. I'lr. \Ko in tin* iiiiiiiiifariun* 
of toy)*, ^•lllill:lry wooili-nwar'i*. niol l«ai*ktiiK for xoih'it. 
It !■* ill 141 ’ojit ilotiiami thriainhou! tin* \i<itii*to aint iiu- 
|>li*im*iit traili*. uinl aU** iiiakr** a fair Kraiic of wcumI 
pulp. Ill fart till* tulip tri'i* if' oin* of tin* iiio>t u*»i*- 
fiil of wimhIn throuittioiit tin* \%ooil\\orkinn iiulu''try 
of this foHiitry. Omir** from Nt*\v l'ait£latnt to Mis- 
nourt Hiul Mmihvvartl to Flori«la. 

TUPELO «Sce Own) 

WAAHOO 

106. Waahoo ( KiuiuifUiUH ntritpurfmn us\ iHurninK Hu**!!. 
Spiinlh* Tr«*i‘». A .‘iiimU-Hiznl tri'i*. Wood whitn. 
tiiiK<‘(l with oraiiKo; la*a\y. hard, totit»h, and rlo-i*- 
gruittntl, works wi*U and stainis wi*ll, r‘*«*d prin«*i- 
pjiUy for arrows and spindh**-. Wi»l«*ly di'-tril»ut»*d. 
rsunlly a shruh six to tnit fi*i*l liinh, hmuninK a tr«*i* 
only in southcru Arkansas and Oklahoma. 

WALNUT 

106, Black Walnut niynt) iWahiuO. A lar>so, 

beautiful, and quirkly-nrowinn tri*«*. aluMit tit) font ami 
upwarils in hoight. WimkI heavy, hard, strong, of 
coarsf! ti'xtim*, very durable in eoiifaet with the soil. 
Tho narrow sapwood whitish, the heartwasid ilark, 
rich, chocolate l>row*n, sonietinies almost black; aged 
tret^H of fine quality bring fancy prices. 'I'lie wmal 
ahrinks moderately in HtaiHcming, works vrell ainl stands 
well, and takes a fine iHiIish. It Is quite handsome, 
and lias lioon for a long time the favorite wihhI for 
cabinet and furniture making. It is used for gun- 
Btooks, fixtures, interior decoration, veneer, panelling, 
stair newella, and all olasHCB of work demanding 
a high priced grade of wood. Black walnut is 
a largo tree with stout trunk, of mpid growth, and 
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was foriucrly quitt* ul»uii<lunt thnnishout the AlUi- 
ghaity rt'Kiim. Occurs frmn New ICuKlaiul to Texas, 
uttti from Mielunan to Fh>rida. Not eonimon. 

WHITE WALNUT (See Butternut) 

WHITE WOOD (See Tulip and also Basswood) 
WHITE WILLOW 

107. White Willow iSnlijr nlhti vur. i>it(‘Uina) (Willow, 
Yellow W'illtov, lUue Willow). The wood is very 
M»ft. light . tlexihle. and fairly strong, is fairly durable, 
in eontai’t with the soil, works well ami stands well 
\vln*n sea‘‘«»ne«L Metliuin-sim*d tree, eharaeterized 
by a short, thick truttk, :ind a large, rather irregular 
crown composed of many branches. 'Fhe .sijse of 
the tree at imiturity varies with the locality. In 
the region where it occtirs n.aturally, a height of 70 
t<* sn feet, and a <iiainet(‘r of thr<‘e to four f(‘et are 
often attained. When planted in the Muldle West, 
a height ♦»{ from .’>0 to t»0 f«*e1. and a dianu'ter of one 
and one lialf to two feet are all (hat may be expecte<l. 
\\ hen cios»*l\ |i};tntcd »>n naast soil, (he tree forms a 
tall. sh»n»ler sietn. well cleans! branches. Is wid(‘ly 
natunili/ed in tin* I'nited St!i(e.s. I( is us<‘d in cooper- 
age. for woodenw.'tre. for cricket and basc'ball bats, 
for basket Work. etc. (‘harcoal miwle frotn (he w'ood 
is Used in the m.'inuf.acturt* of gunpow<ler. It has 
bi*en generally ttsed f«>r fence posts on the North- 
western plains, because of scarcit.v of ladter material. 
Well wasoned posts will last from four to seven 
years. Widely ilistrihtited throughout the United 
St ati'S. 

108* Black WUlow (Snlix niffm), Hmall-sized tree. 
IltairtWfHKi light mldish brown, sapwttod nearly 
white*. W(knI Httfi, light, not atrong, close-grainod, 
ttttd very flexilde. Unml in baakot making, etc. 
UitiiReit from Nnw York to Rooky Mountain^ and 
iKHiiliwiiitt to Mexioo. 
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109. Shining Willow Sttiijf .V iriM*. 

Wnoti ill ils «|UuUty utut U'*»'s viiiiiliar I** I In* itn'iTiiniK. 
ItsiMg**!' fr‘Mu t«» lt«M*ky Minititutiis, 

iilui t.«»ulUw»rtl to Jiniji siimI Noi*r;i'.ku. 

110. Perch Willow tSulij" Vliiutini Ifuf 

WiUowi. Small to tri'**. tioariiviHiil 

Hglit l»ro\\u. Nno^ootl liKhti’i' W««ii| 

>oft, lloxihli*. not ^InuiK. I'losf jsraiiu‘«l. '.imtiiar 

to till* j»r»*i*i*«Urtn, Kiillow*i tin* wator rour'.rs a»nl 
ruiigt'M arrt»)»?< th»* fimtiiaait ; k“"> almiMiant in \i*\v 
KiiKlatai than l•l>^‘^\ t’umiui'it in tlu' 

111. Long-Leaf Willow iStilu- jluroit.h. - >aiMl har Wil- 

lowt. A >mall‘.'>*i/i*«i tro«% UaitK<‘-’ ihi* Aiftti- 

( ’irrli* to Nortii«*rii 

112. Bebb Willow «iS*o/iV Itthhiutm \ar. rn^trutu <. \ • jnall- 

tr«M\ Moro alatmlaut in Hnlt'-li VuMTifa ihait 
in thn rnit»‘ii Staton, tthrn* it i*anw»‘'* '■••uihwaril to 
PtMiUHvlvania an»i wostwarti to Minno.itta. 

113. Glaucous Willow j.s‘o/u: ilMisvy Willow . 

A smuU-siiiM'ii triT. Coimuini alonn tho hank- of 
Hlrvams, ami rangi'H from Novia Siaita to Maniloha, 
umi south to IMuwan*; wost to huUana ami mirth- 
\vost<*rn Missouri. 

114. Crack Willow {SuU’je fruffilin). A modtum to lari£‘‘- 
siml tr<n*. Wmai is vory soft, light, very lloxihh* 
ami fairly stroiiK, is fairly tluruhh* in rontnrt with 
the soil, works wall ami stamls woll. I ‘soil iirinoi' 
pally for haskot making, iioo|>s, cto., ami to pro- 
tlueo eharooal for gunpowtlnr. Vory i’(ttitttion, and 
widely distrihutud in the Ihiitod States. 

116. Weeping Willow (Snlix bahyUmiea), Mtsliiiin- to 
largo-msed tree. WckxI atiniliar it* Hatix »iffra, hut 
not BO valuable. Mostly an ornamental tr«*. Origi- 
nally came from China. Widely planted in the 
United States. 
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YELLOW WOOD 

116. Yellow Wood ^t lailnistla fnlni) tVirniliu). A small 
tu iHi'dhuii '•izf'i tfee. Wouti yellow to |)nle hrowa, 
Ik'uvv. hard. eloM-.iiraiiied ami struajji;. Not u.sed 
tu iHUeh evleiit in iiiaiiufaet uriiif^. Not common. 
Found jirineipally on the liinestone clitTs of Kentucky, 
*rt’nne’""ei'. and North t arolitia. 
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Thk ttTiuH " "tnmrM* jtnuiMMl," 'Vtruiuht- 

gminctl.” ami '‘t*r«»Hs-uraiiitHr‘ an* fr(n(tt«*iitly anpliftl in 
tl«» tracU*. Ill wuoil nntrsi*m;unr«l if 

it« utmuul rinna an* witln; iinn'isrniimil if iht-y an* narrnw. 
ill th(* finor wuoti imlimtrii'S u finn>ij;ruiiti*(i wimhI is rap:t< 
blu <»f high polish, whih* a cMHirso-grulmnl wuhuI i^. not, so 
that in thm lattor caso tho tUstim’tion (h^pomis chii'tly <iu 
hanlmw, uml in th»‘ htriuor <»ii an af<*iilrntnl rasr i.f slow 
or rapUl growth. (hMiorally if tin* *liriM*iion t»f tlu* wooil 
film*H ia puraUo! to tin* axin of tin* sti*m or liiuh in whii'h 
thoy omir, tin* wood is .st might 'graiiunl; hnt in many 
<*as(*a tin* coiirai* of tin* fihrra is spiral or ttti>li*d around 


tlu* tri'o (as shown in Kig. lot, and .sonn*tinn*s t’oninionly 
ill tin* butts of gum and oypross, tin* tihros «»f sovoral lauTs 
ani ohliquo in ouo dirwtiou, and thosi* of tin* in‘\t sorh's 
of layers aro ohUtpn* in tlu* opposite dirwtitm, < As shown 
in Kig. lU tin* wood is ertiKs or twisteil grain.) Wavy- 
pain in a tangential plane asstn*ii on the radial seetion is 
illustrated in Fig. 17, whieh repri*w*nts an t*xl rente east* 
observfwl in hiwh. I’his same form also tweurs ttn the 
radial plane, eausing the tangmitial stH'tion to appear wavy 
or in transverse folds. 

When wavy grain is fine (i:.e,, the folds or ridges small 
but numerous) it gives rise to the “curly" strtieture 
fr^iuently iwen in maple. Ordinarily, neither wavy, 
spiral, nor alternate grmn is vtsahle on the crosti-Hf«*ti(»n; 
its pistence often escapes the eye even on smooth, longi- 
tudinal faces in the sawed material, so that the only safe 
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1o thrir tIiM*ovt‘ry 1 m‘s in splitting the wood in two, 
in th(‘ two ntu'ittnl plains. 

(M'ltcraHy tin* >nrfnr«* of th«* woo<i nudor t!u> bark, and 
tluTffon* also that of any layer in the interitir, is not uni- 



lit*: I 't Spu *il f if Si' » ,mu ilftiT ri*iut»vril t»f hark, iiidicait* tho 

td<i« I *ii v'f wimmI 

Iff? l<» Xi’'- >|oi 4I <if.uu Ilf Sitir aiiil (*iitl vi(*\v of saim‘ 

\\ }jf *1 i!m I'.'iik ;»f •». till* |£ram 4»f Hum pitM*u wsih siraight. 
lt*ai( iljtii I'iirli \*Mr It KJi'W ohlitpit* in uno (lin'ctioii, 

t* ftt lu«i»; .« « liU 4 1\ at u, .tiid tfiriMMl lta<*k tn tin* tippumH^ tlirctMton. 
'M4t ‘j- 'ili< iff’itfiim |H*itt»iitrali>% IIid hark Mliariiifi; in 

f « h iliti!* ”» 


for»i» an»l '.mooth, but is rhauneUetl and pitted by mimcr- 
*nis ih'pn“«>ions. whieh diIT<*r greatly in siaie an<l form. 
Usually, any one depression or elevation is x’cstnctcd to 
one *»r few antitml layers ( i.e., 8e<*n otily in one or few rings) 
ami is then h«st. lH*ing eoinpenMited (the surface at the 
piirtieular siait eveiiiHl up) by growth. In some woods, 
howevt^r, any tlepresswm or elevatitxn once attained ^o'vra 
from year to year and reaches a maxinxum size, which is 
mtuntatiuHl for intuty years, Homotiines throughout life. 
In maple, where thia tendency to preserve any particular 
ooutuur la very great, the depressions and elevations are 



KS si:\soMN<; oi‘ 

usually small u*i»mmtu»ly U‘v« tUaii luit-Mi'iKtitli im*lti 
vt*ry iiuiiwTHus. 

On tatigiait l«*ar»U **f ('U«'h \%thMl. flu* jiii-i.. ami 

anjH'jir a- rirrli'i*.. aiat rr-.!* !•» ihi* l«cauti- 
ful "hinrsfyi*” III* ”lau>l'-fa|M*'' vn uriim*, Similtar 
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J’lK r# \\ jt\ ' < It.uii 1*1 *u 

uros in tlio hurls of lilui*U a^lu uuipli*. fUr., an* 
dim t« tin* jiiVMMiiM* i*f di'i'iitaiit ImiiIn, wlin’li rair fla* 
Hurfaci* of ait thi‘ layiTs tlir«tiitd> whirh j»;r ' !•» In* 

covori'd Wy smsill roiitcul olovuiiims, wIium* rj’o-.' M*ftinn> 
ou Urn sawod honnl apiH'ur as irroitular rii'« li*i>' nr ivIi-im, 
each with a tlavk the s«*i*tiou i»f ll»* nilli or "irao**" 

of Iht* (lortimiii Imd in th<* I’l'itlnr, 

In the wotwl «»f many Imawl-leaviHl tla* wtHMl iiliros 

arti inuoh longer when full icrowti than wlmn they an* hist 
furmoil in the eatnlnmn or growing koim*. 'riiis (‘auM*s 
tho ti|)« of each fihret to en»wtl in Imtwimn tin* filir«*s nlutvc 
and below, and Uiadn loan irroKultur titterhiecinont of tlnw 
fibrea, which acUla to the UnighntWH, hut rediteos tlw «*Utavit- 
bltity of the wood. At tho juncture of I, ho Uttth and Htcm 
the tlbree on the upper anti lower iucIom of the lititb tadtavo 
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tUffi'ri'Jitly. D« wtli* thi*y nm fn»iu tho Htcin 

into (hi‘ Hmh, formiiiK «n tttitiitcmi|»ltMi struiid or tLssuo 
uiul H utitoii. Oh tin* ii|»{M>r kUU* th«* fibres hencl 


tisiih*. :ir(* iiol citHttiiiiotis into the 
limb. »n«! lieime the eomti'etioH is 
not |M*rf<‘el <se<* Fi»s. ISi. OwiliK 
f«» tliis nrriiiiKeiiieHt t»f tie* fibres, 
the eleft liimte ill H|iUttttiit ih'Vit 
runs into the knot if siarteil on 
the shie above the limb, but is 
apt to l■nll'r tb** knot if •^larti’ii 
below, a faet Wi’ll llialersf mill in 
wooili'raft. V\ la'll limb', ilie, ileejiy, 
aiai Itreak otT. the n'liiaiiiiiiK "tubs 
are surroiiialed. and ma> iiii:iU> 
be «'«t\e|'ed b> the iflowlh of the 
trunk :ind ihu" liisi* rise lo the an- 
iio\ inu "‘lead” or “loose” knots, 

Col.oH AM> ODOII 
OF \\ool> 

< ’olor. like slrueturi'. lends 

iM'aiity to the Wood, aids ia its 



i«lenliti»'alion, .and is of Ki-eat value | js „r \\„,h| 


in the deteriniii.at ion ot its i|uality. 
If vvi* I'onsiiler onlv tin* la'aiiwood. 
the blaek ••••lor of tin* persimmon, 
the dark brown of the walnut, the 


INmition <»r tli(* 
< imtn at Ps't.stMiC a laiiih. 

pith (it' lioth and 
liifili: I 7 , Kcvcii yearly 
la>i*r*<(»f wood; a, h, knot 


liKbt brown of the white oaks, the 
reddish brown of the red onkn. 


or litiHal part of a limb 
wliirli forfotir yoara, 
th**n ilinl and broko off 


the yellowish white of the tulip 
and poplars, the brow'iiish rt*d of 
the riMlw'fNNl and eiMhirM, the yellow 


iK'iir I lit* lot viiiK I lit* 

part to tho h»ff of //, a 
"Noiuid" krtcH, tho part 
to right It **d(*a<r’ 


of the papnw' iiiid Miitniie, are all re- }»“»*, wlik'k wouhl iK»(»n 
liable imu*kMt»fdiMtiitction(utdcoI»r. t hr T** 

'roKether with tuaUtr and weight, 

tliey nn» only too often the only featurea depended upon 
in pmetiee. Newly fonned wood, like that of the outer few 
rtogi, haa but little eolef. Tb» wgiiirQod generally ie 
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and the wimmI of wiiirh fortii tto heart wotHi rhuiiKis 
but little, except whiui utmiied by fi»ri‘riiniier>* of 

The difTen*nt tii»t»t of eolorv, whether the brown of oak, 
the uriiiw* hr<»w« t»f pine, the blrn'kiMh tint of walnut, or 
the retUlwh east of miiir. an* tine to |}in;nH*nt.«i. while the 
dwjwr wlmtle of the aununer-wtKHl liaiitt.H in pine. <’edar, 
oak, or walnut in due to the fa«‘t that th«‘ wood beiuK 
denser, luon* of the eolonnl wmmkI siibstanee iM'eurs on a 
given space, i.e., then* is in<»re e«>h»red matter |M*r sipiare 
inch. Wood Is traiislueent, a thin disk of pint* |H*rnulting 
light to piuw through unite fre<‘ly, 'Khis transhieeney 
alTects the luster and i)rightnt*Ks of htiniM*r. 

When lunilH'r is attaeketl by fungi, it in'ronies more 
opa(pie, l(»H(*s its brightness, and in praetiee is designated 
“dead,'‘ in <listiiietion to "live” or bright timber. Mx- 
posure to air <lurkens all wcmhI; dirt'ct sunlight ami oc- 
casional moistening hasten this change, and cause it to 
penetrate tU*t*tK*r. Prolonged immi^rsion has the s.ana* 
elTeet, pine wimkI becoming a dark gray, while t>ak c'hangi's 
to a blackish brown. 

Odor, like color, depetids on chemical compounds, 
forming no part of the wtsal stibstaiice itself. Mx- 
po.sure to weather rctluces and oftim (’haiiges the odor, 
i)Ut a piece of htug-lcaC pine, ee«iur, or camplior wtiod ex- 
hales appanmtiy as much odor lis ev<*r when a new surface 
is exposed. Heart wcmmI is mort* odoriferous than sapw<M»d. 
Many kinds (»f mm\ {ire distinguished hy strong and 
peculiar odors. This is es|M‘cially the eas*< with eamphor, 
cedar, pine, oak, and mahogany, ami the list would eom- 
priso every kintl t>f wihmI in use* were our simsi' <»f smell 
dovel(>i«id In keeping with its iinportanct*. 

Decomposition is usually accotnimniiHl by pronounced 
odors. Decaying poplar emits a tliHagrcoiible cKlf»r, while 
red oak often becomes fragrant, its smell rosombUng that 
of heliotrope. 
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WKKJHT OF WOOD 

A small cross-sfftion t»f wootl (as in Fi^. 19) dropped 
into wutiT sinks, showing that tlia suhstanoo of which 
\v«hm1 tihn* or wood is built up is hoavior than MV’atcr. By 
inunrrsinK tin* wootl surci'ssivoly in 
hoavior littuids, until wo find a licptid 
in wliioh it tlo«*s not sink, and rinnpur- 
iitfc till* woiKht of thn sanu* with water, 
w«* lintl that wo«»il substaitee is about 
l.t> times as heavy as wat«*r, ami tliat 
this is as tnte »»f poplar as <if oak or 
pine. 

Separating a sinKie cell las .shown in Fin. to. ( Vosh-whiUoh 
F i^. 20. ffi. tiryin^ atul then dropping t>r a (houp of w<><k 1 
it into water, it llouts. 'I’he air-filhsl KihrcH (Highly 
cell i’a\ it y or interior nsluees its weight, 

and. like an empty eorktsl bottle, it wt'ighs h‘s.s than the 
water. J^iion. however, water .soaks info the cell, when it 
fill" up aiul .sinks. Many such cells grown to- 
gether. as in a block of wood, when all or moat 
of them are filhnl with water, will float as long 
as the majority of them an* (*inpty or only 
partially filled. This is why a gre<*n, sappy i)ino 
pole soon sinks in "tiriving” (floating down 
si ream!. Its ci'lls are largely filhnl before it is 
thrown in, ainl but little adiiitional watersuffic.es 
ti> make its wtnght great <‘r than that of the 
water. lit a gmal-siml white pine log, composed 
chielly of empty cells (heartwood), the water 
reiiuires a very long time ttj fill up the cells (five 
years wotihl not auflice to fill them all), and 
then«fi>re the log may float for many months. 
When the wall of the wood fibre is very thick 
(five eighthfi or more of the volume, as in Fig. 

l»), the fibre einke whether empty or filled. 
Thia appUea to meet of the fibres of the dark 
eummer-wood btUMii.iii i^neci, and to the oompaot fibres 
of oak or hiekorjr, and many* mpeoUlIy tropio^ woods. 


<rV 
Fin. an. 

FilavM of 
WtMlI. 
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havo anch thiok-walhnl wlU nml »«» UtlU* oiiiply or uir Hpufo 
that th<‘y m‘v«‘r U»at. 

Here*, then, arc the two iimiti factitrs of weight tti wtMui: 
the ununiat of ceil wall (»r wihhI Hui>!*taia’e roti»fiiiit for 
uity given pict'e, anti tin* aiiioitnt of water eoittaincd hi 
the wofui, variahle even in the ^tainiing tree, aiui only in 
part eriithnatetl in drytiig. 

'Hie weight of tin* green wimhI of any speeii-s varies 
chiefly as a sc»eoial faettir, ami i** entirely misleading, if 
the relative weight of ilifTerent kinds is sought. Thus 
Home grei*n sticks of the otherwise lighter express and 
gum sink nam* readily than fresh oak. 

Tlu* weight of HapwtHHl or the sa|»py. peri}theral p;u’f 
of our common luniiH*r wiMids is always great, whethor 
cut in winter ttr suimiter. It rarely f;dls min’ti l.elow 
forty-live pounds, and eoninionly e\ei-rds fiti\ ii\|. pounds 
to the euhie fo«it, even in our lighter wooilod spories. Ii 
follows (hat the grt*en wtttMl «»f a s;i|ding i < he;i\ier than 
that of an old tree, the fresh wood from a disk of the upper 
part of a <re<* is *»flen heavier than that «if the lowor pan. 
and th(* wood near the hark h(‘a\ier than that nearer tlie 
pith; and also that the advantage of diving the wooil 
liefore shipping is most important in sappv and light 
kinds. 

Whim kiln-dried, tin* ntisleailtng moisture factor »*f 
weight is itniforinly reihieed, and a fair comparison po- 
sihle. For the saki* of eonvi*nienee in eomparis>>n. the 
weight of wood IS expressed either as flu* weight per cuhic 
foot, or, what is still more eonveni«*nt. as specific wi-ight 
or density. If an old long-leaf piiu* is cut up <as shown 
in Fig. 21) the w<mh 1 of disk No. I is lieuvh*r lhaii that of 
disk No. 2, the latter heavier than tliat of disk No. M. uml 
the wood of llie top disk is found tt» la* onlv nlttait flins* 
fourths os heavy os that of disk N«». 1. SintiUarly, if disk 
No. 2 is out up, os in tlio figure, the siM'ictfio weiglti »>f the 
different parts is: 

a, about 0.52 
5, about 0.64 
e, al^ut 0.07 
d, •,/, al^tO.66 
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HiumtiiK tlmt in this lUsk at Ii*iust. the wood formed during 
the inuiiy yojirH* growtii, ropivsenlcd in piece «, is much 
ligiiter than tiiat of former yearn. It alwo shows that the 
l)e>t wimmI is tin* mUhUe part, witli its large proportion of 
dark summer hands. 

('ut ting up all <Usks in the same way, it will ho found 
that the piei-e a of the lirst <lisk is h(*avier than the piece 
a of the tifth, ami that piece c tif the fii'st tlisk excels the 



i %\9 * in«'ut Ilf W'lHitl SjiriiplfH, 


pH*ei* r »tf all the «ilher disks, 'rhis shows (hat the wood 
gi'tiwn ihiring tin* satue uuniher of years is lighter in the 
upper parts of the stem; and if (he tlisks are smoedhed on 
the railial surfaces aiul set up one on top of the other in 
their ri*gutar ord»‘r, for the sjike of coin))arison, this do- 
en«asf* in weight wilt In* stnut to he accompanied )>y a do- 
ereasi* in the aitatuni of Mummer-w<K)d. 'I'ho color effect 
of the u|»|N*r disks is ecntspicuously lighter. If our old 
pine had Ini'n eut one hundrttd and fifty years ago, 
Uffore the outer, lighter wood wa» hud on, it is evident 
that the weight of the wood of any one disk would have 
been found to inmeaM from tte oenter outward, and no 
aubeequmtt d e et e a ee oould baint bewa pboertred. 
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In ft thrifty younic |»ino. thru, tin* wuimI ih hcava^r fmiii 
the CMitor outwunl. uml UkIiIit fr«»iu Ih*Iow upwarti; imly 
the* w<mkI tniii «>n in oUl age falln in weight ia'lttw tin* average. 
The nunilier «»f hrmvnish baiuls nf suinnier>\v(HHl are a 
eiiroet iiulieation nf these* thfTen*nei*s. If an t»!il nak is 
cut up in the same mantu*r. tin* laitt eeit is also fotiini 
heaviest ami tin* top lightest, Imt, unlike tin* tlisk of pine, 
the tlisk tif talk has its rtrniest w«mmI at the eenti*r. ainl t*aeh 
8uect*Hsive piece from tin* center outwartl is light<*r than 
its neighimr. 

Mxamiiting the pU*ces. this iItlT<*rt*nei* is in»t jis reatlily 
expIaiiMHl by the HpiK*arance tif t*aeh ph*ee as in the ease 
of pine wootl, Nt*vertheh*Hs, tme eonspietnitts p«ant ap- 
{)earH at tmee. Tin* port*s, s»» very ilisiinct in oak. art* 
very minute in the wt««l near the c«*nter, ami thus tin* 
woimI is far less porous. 

Stutlying tlilTerent lrtH*s, it is fotitnl that in the pines, 
wtHxl with narrtiw rings is just us ln*avy as ami t»ftt*n In'avter 
than the w<hk1 with wnh*r rings; but if tin* rings are un- 
usually narrow in any part of the tlisk, tin* wo«h1 has a 
lighter ct»I{»r; that is, there is less suiniuer-wotal ami theri*- 
fon* U*ss wt*ight. 

In oak, ash, t>r elm tr<*eK <if thrifty growth, the rings, 
fairly wide {not less tluui <*m*-twelfth inch), always fttrm 
tin* heaviest w<mm1, while any piece with very narrow rings 
is light. On the tMher hand, the weight t>f a piece of hard 
maple or birch is t|uito inde{K*ndeni of the width of its 
rings. 

The bases of limlw (knots) are usually heavy, very 
heavy in conifers, and also the wotul w'hieh surrounds 
them, but generally the wchkI of the limlis is lighter than 
that of the stem, and the wotal of the rtsits is the 
lightest. 

In general, it may bo said that none of tho native wimkIs 
in common uso in this country are when dry as heavy as 
water, uxty-two pounds to tho oubio foot. Few ex- 
ceed fifty pounds, whUe most of them fall below forty 
pounds, and much d the pine and other ooniferous wood 
weigh less than thirty pounds pear oubio foot. The weight 
of the wood is in itself an iapwtant quality. Weight 
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assists in distinguishing maple from poplar. Lightness 
coupkMl with great strength and stiffness recommends 
wotsi for a thousand different uses. To a large extent 
woiglit pre<Ueat<*K the strength of the wood, at least in the 
same sp(‘ei<'s, so that a heavy piece of oak will exceed in 
strength a liglit piece of the same species, and in pine it 
apj)ears probable tliat, weight for weight, the strength of 
the wiwal of various pines is nearly equal. 

WKHiHT OK \Vo(>I> OK DiFKMRMNT RpKClBS 

Approximate 

S|wdc8 Weight of 

Specifit^ 

Weight 1 1,000 

(hihie Feet 
Foot Lmnber 

(#fi Vi*ry H4*avy W<»m1s: 

Ifiekury, Ouk, PerHiinmou, Oniige Oranges 
Hhiek Loeust, IlaekheTry, Blue* IhH*e*h, 

Im'm! 4if Klin unei Ash 0.70 -O.SO 42 ‘IS 8,700 

</*• Ilrjixy WiMMls; 

A**!!. Klin, < 'h<*rry, Bire*h, Maple*, Be*t*(*h, 

Wiilnut, Suur (Sum, < 'olTe*e TreM*, He)ne*y 
hi'sf e>f Se)uth<*rii Pilie and 

'raniariiek 0.(W) -0.70 8(> -42 8,200 

erj Ilf Me*(!iuni We*igh<: 

Stiiith«*rn l^iiie, l*ite*h Pine*, Tiinmraek, 

Dciugiitrt SprueM*. We*H<<*rn II<*inIoe*k, 

<tufn, Soft Maple*, Sye-amore*, Shh- 
HitfriiM, MuliM*rry, light graele»H eif Bir<*h 

aitil ( lH*rry 0.00 0.(50 80- 8(5 2,700 

(e/) Bight WocmIh: 

Norway niiel Bull l^iue% Red (Vdar, 

(‘yprena, Ii<*ntl(H*k, the ileavie*r Hprue<‘H 
iitiii Kirn, Ui*d\vooei, Baanwood, (’henintit, 
liutterimt, Tulip. C *utalpii| Btiekeye, 

heiivier gnidt*H of Poplar 0.4()-4),r)0 24-80 2,200 

(rl Very I«sght 

White Wtie, Spruce, Kir, Whitts (?o<lar, 

Popliir 0.30-0.40 18-24 1,800 
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“FU5UIIK” IN WOOD 

Many thcoriw hav« Im'pii prc>|»i»im«hMl tut ti> ll«» c*atiso 
of “fi}?urt*” in tiinlK'r; whiU* it in tru«* thiit nil 
possossos “fi}?uw»” in wmw* tiogrw*, whirli is iiitiw* 
if it l>e cut in certain ways, yet tlien* are sonu* wotMis in 
winch it i« mow conspicuouH than in others, ami which 
for caltinet or furnituri* work art* nmch a|»pri*ciafeti, tts 
it atitlH to tin* value of the work prtMiuc«*tl. 

TIio chanu'teristic ‘‘linurt*” t»f oak is thie to the hroatl 
and ticft'p medullary rays st> consimnious in this timlter, 
and the same applies to honeysuckh*. Figure dtie t«» the 
same cause is fount! iti sycaimav anti heech, I ml i** not mi 
pronounced. The heautifid iiicure in **hiril‘.‘. eye maple” 
is supposetl to be tlue tt> the htn'iiiK aetiim tif in.sccis in 
the early growth of the twe, causing pits t»r grooves, which 
in time hectnne filled tip by lading overlain by fresh htyers 
of wotxl growth; thest* iKHudijir anti iiniipie markings 
are found only in the oltler aiul inner ptnthtn of tht* tree. 

Pitch pine has stnnetimes a very lM*jiutiful ’‘tigiire,” but 
it generally tloes not gtt <leep into tin* timbc*r; walnut Ims 
quite a variety of “ngim*s,” and .si> has tin* elm. It is in 
niahtigany, however, that we fiml the gr«*utt*st varit*ly of 
‘‘figure,” and as this timber is only ust'tl ft>r furnitun* ami 
fancy work, a gootl “figure” greatly <*nhances its valut*, 
as firmly figured loj;p< bring fancy priet*s. 

Mahogany, unlike the oak, never dmw’s its ” figure " from 
its small and almost unnoticeable medullary rays, but 
from the twisted condition of ita film's; the natural growth 
of mahogany produties a straight wo<h1*, what is ealied 
“figured” is unnatural and exceptional, an<I thus ntlds 
to its value as an ornamental womi. These iieruUarities 
are rarely found in the earlier portion of the trtH* that is 
near the center, being in this respect quite different from 
maple; they appear when the tree is more fully developed, 
and consist of bundles of woody fibres which, instead of 
being laid in straight lines, behave in an arratio manner 
and are deposited in a twisted form; eometimee it may 
be caused by the intweectiion of branohes, or poa^ly by 
the crackling of the bark preeaihg on the woo^ and thua 
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moving it out of itw natural straight course, causing a 
wavy lino which in time becomes accentuated. 

It will have been observed by most people that the outer 
]>ortion of a tiw. is often iudentcHl by the bark, and the 
out(*r rings oft<*n follow a sinuous coiuso which corresponds 
t<» this indention, but in most trees, after a few years, this 
is (‘V(*ned up and the annual rings jissumc their nearly 
eir<‘tdar form; it is supposed by some that in the case of 
mahogany this is not- the case, and that the indentations 
ar<‘ (‘ven ae(*t*ntuate<l. 

'Flu* best Ugur(*d logs of timber are secured from trees 
whit'h grow in firm ro(tky soil; those growing on low-lying 
or swampy ground are seldom figured. To the practical 
wt)odwork<*r th(‘ figure in mahogany causes some difficulty 
in planing th<* wootl to a smooth surface; some portions 
plain' smooth, tdhers are the “wrong way of the grain.” 

l''igur<‘ in w<M)d is (‘ITe<ited by the way light is thrown 
upim it, showing light if smi from one direction, and dark 
if view<‘d from another, as may easily be ol^servcd by hold- 
ing a pie<*t‘ of figured mahogany under artificial light and 
h»oking at it from opposite directions. The character^- 
istie markings on mahogany are “mottle,” which is also 
foumi in sycamore, and is conspicuous on the backs of 
fiddles and violins, and is not in itself valuable; it runs 
the transv<‘rs(^ way of the fibres and is probably the effect 
of file wind upon the tree in its early stages of growth. 
“ which is said to be causeil by the contortion of 

the wcMsly fibres, and takes a wavy line parallel to them, 
is also found in the hollow of bent stems and in the root 
structure, and when combined with “mottle” is very 
valuable. “Dapple” is an exaggerated form of mottle. 
“Thunder shake,” “wind shake,” or “tornado shako” is 
a rupture of the fibres across the grain, which in imihogany 
does not always break them; the tree swaying in the wind 
only strains its fibres, and thus produces mottle in the wood. 
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ENEMIES OF WOOD 

Feom the writer’s personal investigations of this sub- 
ject in different sections of the country, the danuige to 
forest products of various kinds from tliis eaust^ stnuns 
to be far more extensive than is generally recogniKisi. 
Allowing a loss of five per cent on tlic total value of the 
forest products of the country, which thc^ writ(»r Ixdieves 
to be a conservative estimate, it would amount to some- 
thing over $30, 000, ()()() annually. This loss dilTtu's from 
that resulting from insect damage to nattiral barest n‘- 
sources, in that it represents more directly a loss of mom*y 
invested in material and labor. In dealing with tl»e in- 
sects mentioned, os with forest iiisects in general, tin* 
methods which yield the best results arc those which r(*lute 
directly to preventing attack, as well as tht)S(^ whi<’i» an* 
unattractive or unfavorable. The insi^cts have t wo obje<*ts 
in their attack: one is to oi)lain food, the other is to pre- 
pare for the development of their broods. Diffen'nt 
species of insects have special periods during tlu^ s<sison 
of activity (March to November), when the adults are 
on the wing in search of suitable material in which to 
deposit their eggs. Some species, which fly in April, will 
be attractc<l to the trunks of recently felled pine trew or 
to piles of pine sawlogs from trees felled the previims 
winter. They are not attracted to any other kind of 
timber, because they can live only in the bark or wwhI 
of pine, and only in that which is in the proper condition 
to favor the hatching of their eggs and the normal de- 
velopment of their young. As they fly only in April, 
they cannot injure the logs of trees felled during the re- 
mainder of the year. 
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There are also oak insects, which attack nothing but 
oak; hickory, cypress, and spruce insects, etc., which have 
ililTerent habits and different periods of flight, and require 
special <!onditions of the bark and wood for depositing 
their eggs or for subscciucnt development of their broods. 
Some of these insects have but one generation in a year, 
others have two or more, while some require more than 
one year for the complete developiiient and transformation. 
Stmu‘ species deposit their eggs in the bark or wood of 
tn*es soon after they are felled or before any perceptible 
<‘hange from tlie normal living tissue has taken place; 
o11u‘r sp<*<aes are attracted only to dead bark and dead 
wood of trees which have been felUul or girdled for several 
months; others arc attracted to dry and seasoned wood; 
while another chuss will attack nothing but very old, dry 
bark or woo<l of special kinds and under special condi- 
tions. 'rims it will be seen how important it is for the 
practical man to have knowledge of such of the foregoing 
fsicts SIS apply to his immediate interest in the manufacture 
or utilisation of a given forest product, in order that he 
may with the least trouble and expense adjust his busi- 
iH'ss nu'thods to meet the reciuirements for preventing 

loSS(‘S. 

'rh<‘ work of dilT(‘rent kinds of insects, as rein*esented 
by sp<‘cdal injuries t«) h)rest products, is the first thing to 
attract attmUion, and the distinctive character of this 
work is easily observed, while thct insect responsible for 
it is seldom s<‘<‘n, or it is so diflicult to det(‘rmine by the 
geiuM’al obs(*rv<*r from d(‘scriptions or illustrations that 
the sp<‘ci(‘s is randy recogni/ied. Fortunately, the charactea* 
of the work is ofteii sufli(nent in itself to identify the cause 
and sugg(>st a remedy, and in this section primary con- 
sid('ration is given to this phase of the subject. 

Ambrosia or Timber Beetles 

The characteristic work of this class of wood-boring 
beetles is shown in Figs. 22 and 23. The injury consists 
t>f pinhole and staanod-wood defects in the sapwood and 
heartwood of recently felled or girdled trees, sawlogs, 
pulpwood, stave and shingle bolts, green or unseasoned 




Fig. *i2« Wtirk «»r .Viut»ruHUi in Tulij> or Vrlkm UoimI, 

fii work of X iflt'ftttrttft itJ/taiA nii<t XtfUhttruH mh rmiM, /i. \ tfii futt an M^t . '«>!'< 
tin<t work; <\ burk; ti, HitpwoiHi; hoiirfuuotl. 



iig. 23. Work of Ambroaia BaetlM in Oak. a, JlfoNorMruMi nmiM and work} 
6, Platypm oampoHtm and work; e, bark; d. M^wood; 0, iMMrtnrtMd: 
/, oharaoter of work in wood firom iajurad loi^ 
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lumber, and staves and heads of barrels containing alco- 
holic Ikiuids. The holes and galleries are made by the 
adult parent beetles, to serve as entrances and temporary 
houses or nurseries for the development of their broods 
of young, which food on a fungus growing on the walls of 
i.h(i galleries. 

I'lie growth of this ambrosia-like fungus is induced 
and (font rolled by the parent beetles, and the young are 
dt‘P(*nd(‘nt upon it for food. The wood must bo in ex- 
actly th(i proper e-ondition for the growth of the fungus 
in ordt*r to attract the betdles and induce them to excavate 
their gall<‘ri(‘s; it must have a certain degree of moisture 
and other favorable (pialities, which usually prevail during 
the i)eriod involv(‘d in the change from living, or normal, 
to dtfad or dry wood; svuih a condition is found in recently 
f('lled trews, sawlogs, or like crude products. 

'Tlun’e are two general t.yjM’ss or (fhissos of those galleries: 
one in W'hich the broods develop together in the main 
burrows (see Fig. 22), the other in which the individuals 
d(*v(‘lop in short, scfparate side chambers, extending at 
right angh's from the primary galleries (see Fig. 23). The 
galh'rii's of the latter type are usually accompanied by a 
distinct, staining of the wood, while those of the former 
are not. 

'rhe b(‘(‘tles r(‘sponsible for this work arc cylindrical in 
form, apparently with a head (the prothorax) half as long 
as th(* remainder of i\w body (sew Figs. 22, a, and 23, a). 

North -Vmerican sp('cms vary in size from less than 
<m<*-tenth to slightly more than two-tenths of an inch, 
while some of tlie subtropical and tropical species attain 
a much larger size. I’he diameter of the holes made by 
each species corresponds closely to that of the body, and 
varies from about one-twentieth to one-sixteenth of an 
inch for the tropical species. 

Round-headed Borers 

The character of the work of this class of wood- and bark- 
boring grubs is shown in Fig, 24. The injuries consist 
of irregular flattened or nearly round wormhole defects 
in the wood, which sometimes result in the destruction 
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of valuahlo parts of tlu* wooti or hark material. I’lip siip- 
woml anil hoartwiHHl of nwiitly fi»lU*ii triH*s, shwIokh, 
polos, iM>sts, iniiw props, pulpwiHitl uiui rordwtssl, also 
iuml)er or siiimro timlH*r. with hark on thi* oiIkos, amt 
^construction tiinlHcr in new ami old hnilditiKs, are injured 
hy wormhole defin'ts, while th<* valuable parts «if >xtt>rtcd 
oak ami heinltK'k tanhark and certain kinds of wood are 
convertoil inti> worm-dust. Thesi* injurit*s are caused 
by the y«»unn or larvae of loitK-horned beetles. Thosic 
which infest the wimmI imteh fnun eictcs tie|Hisited in the 



Fig. 24. Work of Uouitii-lKMolinl nit<] ltort*m to o. unrk 

of rfniticI-tH*iuk*<i lifin'r, **Mii\vyor/* MoNtthimmtut 
BiXf*; KffftiirH MptndiihiM! r, work of fliit-ittnuliHl iMinT, 
lurva Atut miuti; ri, burk; t*, ntipwtKMl; /. hoiirtwcMNi. 

outer bark of Iors nnci like material, and the minute icriibs 
hatching therefrom l)oru into the inner bark, through 
which they extend their irregular burrows, for the purisme 
of obtaining food from the sap and other nutritive material 
found in the plant tissue. They continue to extend and 
enlarge their burrows as they increase in else, until they 
are nearly or quite full grown. They then enter the wood 
and oont^ue their excavations deep into tihe sapwood or 
heartwood until they attain their normal aiae. They 
tMn.ecKoavate pupa cells in which to transform into adulti. 
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which emerge from the wood through exit holes in the 
surface. This class of borers is represented by a large 
number of species. The adults, however, are seldom seen 
by the general observer unless cut out of the wood before 
they have energed. 


Hat-headed Borers 

The work of the flat-headed borers (Fig. 24) is only 
distinguished from that of the preceding by the broad, 
shallow burrows, and the much more oblong form of the 
exit holes. In general, the injuries are similiar, and effect 
the same class of products, but they are of much less im- 
I>ortance. The adult forms are flattened, metallic-colored 
beetles, and represent many species, of various sizes. 


Timber Worms 

The character of the work done by this class is shown 
in Fig. 25. The injury consists of pinhole defects in the 



Fik. 25. Work of Timber Worms in Oak. a, work of oak timber worm, 
KiipmlU miniUa; 6, barked surfaeo; c, bark; d, sapwood timber worm, 
IlylocoiUua luyubHa^ and work; e, sapwood. 


sapwood and heartwood of felled trees, sawlogs and like 
material which have been left in the woo^ or in piles in the 
open for several months during the warmer seasons. Stave 
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and shingle holts anti closely ptUsI oak iuiiilH*r and s(|iian* 
tin»lM*rs also suiter from injury of this kind, 'riie-e in- 
juries are made hy elongate, slender worms or larvae, 
vvhieh hatch from eggs deposited hy the adult InaUle* in tla* 



Work **f INim! ShttU tiinrt /ftfst/o/., Ill litl'ki'M 

Hhii\viitu;'rt*itiH\<*rM* i*\ lliv* V«iult. o.ntii umi » 

/»» WHlU*ry: t\ ailiilt. 


outer hark, or, \vh<*re there is no hark, jiist heneath the 
surface of tin* vvooil. At first, the young larvae I tore 
almost invlsihle hok*s for a long distance througii the .-^ap- 
\vtH)d aiul heart wood, hut as they inereasi* in size I la* same 
holes are enlarged and extended until tlie larvae li.-ive .at 
tained their full growth. 'I’hey tluai transform to aiinlis. 
and emerge through the enlarged entriinei* hurrovvs. I'he 



Fig. 27. Work of Powdor Pont n««tle, SUtanjfitm hmtitimt, in iliokiiry 

o, ohamotor of work hy larvae; b, exit holea matin liy oninrRinii nriMMlN. 

work of these timber worms is distingidahecl from that of 
the timber beetles by the greater vai^tilon la the sise of 
holes ha the samo pieoe.of wood, also by the faet that they 
are not braaohed from a entvaaoe or gaUscy, as are 
those made by the boetMl* • 
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Powder Post Borers 


The character of the work of this class of insects is 


shown in Figs. 2(5, 27, and 28. 
closely placet! burrows, piutked 
with borings, or a tioinpleloly 
d(*s( royetl or powderetl condition 
of (he wood of seasonotl prod- 
ucts, stich as lumber, crude and 
finished handle and wagon stock, 
cooperage and wooden truss 
hoops, furnif ure, anti insitle finish 
w<M>dwork, in t>ltl builtlings, jus 
well its in many t)(her crtitle t)r 
finishtMl anti utilized wot>tls. 
'This is the work t)f bt)fh the 
atlulls nml young stages <>f some 
specit“s, or t>f the larval stage 
a It me of otlua’s. In (he former, 
(he atlult bet'tles tleposit their 
t*ggs in burrows t‘r gallt‘ries ex- 
cavalctl for (ht^ purpt>se, as in 
Figs. 2(i ami 27, while in the 
latti*r (Fig. 2S) (he eggs arc t>n 
or bt*nt*ath the surface of the 
witotl. The grubs etjupdete the 
tlt‘s(ructitm by bt)ring thrtxjgh 
(ht‘ solitl wtHxl in all direcdtms 
and psicking their burrows with 
the powtleretl wt>t>d. When they 
art* full grt)wn they transform to 
the atlult, ami cxtiergt* from the 
injuretl material through ht>lcs in 
the surface. Some of the species 
ct>ntinuo to work in the same 
wood until many generations 
have developed and emerged, or 
until every particle of wood 


The injury consists of 



Kif?. 2S. Work of Powtlor Post 
LyHim ulriafim, in 
lUttkory 1 1 audios mid Spokos. 
a, larvji; i>upii; r, adiili; 
d, oxit holos; o, oni.rau(^o of 
larviio (vonis for borings aro 
oxiis of parasites); /, work 
of larvae; wood, com- 
pletely destroyed; /i, sap- 
wood; hoartwood. 


Oasue has been destroyed and the available nutritive sub- 


stance extracted. 


1()0 Sl-LVSt>NIN(S OK \V<M)n 

CoxKiitionB Favorable for Insect Injury Crude Products 
- Round Timber with Bark on 

Newly fcUctl trc*c«, Hawloio*, ntuvo aiul hotulitig ImiUh, 
telegraph poleH, poHtn, anti the like material, eut in the 
fall aiul winter, and left nit the grnuntl or in el(isi> piU*> 
during a few wwkn nr mnntha in the spring ur Htnnnier, 
causing them t<» lu*at and sweat, ant especially liable to 
injury by ambrnsia beetlw (Figs. 22 aiul 2:i), rnuiui and 
flat-headed bttrers (Fig. 24 ), and timber worms (Fig. 25 ». 
as are alsit trws felled in the warm season, ami left for a 
time befon^ working up into lumber. 

The pro|M*r dt'grc'e <»f moisture fouiul in freshly eut. 
living or dying w<mkI, ami the p<*ri<Ml when the inserts are 
flying, are the conditions most favorable f«»r attack, 'riiis 
perioil of danger varies with the time of the year the timber 
is felletl and with the <lifTen*nt kiiuls of tri'cs. 'riiosc 
fclUal in late fall and winter will generally remain at- 
tractive to ambrosia beetles, and to the adtdts of ronnd- 
and flat-heade<l lairers tluring March, .\pril. anti May. 
Those felltal in April to i^eptemla'r may la* attacked in 
a few days after they are felled, ami the p»*rio4l ttf danger 
may not extend over more than a f4*w we4*ks. <'«*rt{iin 
kinds of trees felled during certain months ami si'asons 
are never attaeke*!, because the tlanger |«*riotl prevails 
only when the insocta are flying; on the other haml, if 
the same kinds of trcH« are felUal at a <lifTc‘r**nt »ime, the 
conditions may bo most attractive when the insects an* 
active, and they will bo thickly infesttal and ruinetl. 

The presence of bark is absolutley necessary for in- 
festation by most of the wood-boring grubs, since the eggs 
and young stages must occupy the outer anti inner pt»r- 
tions before they can enter the wmai. Home ambrosia 
and timber worms will, however, attack barked higs, 
especially those in close piles, and others shaded and 
protected from rapid drying. 

The sapwood of pine, spruce, fir, cedar, cypress, and 
the like softwoods is especially liable to injury by ambroda 
beetles, while the heartwood is sometlRMW rvdiied by a 
dlasB of round-headed boream, khpwn as “ sawyers.’* 
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poplar, oak, chestnut, gum, hickory, and most other 
hardwoods are as a rule attacked by species of ambrosia 
beetles, sawyers, and timber worms, different from those 
infesting the pines, there being but very few species which 
attack both. 

Mahogany and other rare and valuable woods imported 
from the tropics to this country in the form of round logs, 
with or without bark on, are commonly damaged more 
or less seriously by ambrosia beetles and timber worms. 

It would appear from the writer’s investigations of 
logs received at the mills in this country, that the prin- 
cipal damage is done during a limited period — from the 
time the trees are felled until they are placed in fresh or 
salt water for transportation to the shipping points. If, 
however, the logs are loaded on a vessel direct from the 
shore, or if not left in the water long enough to kill the 
insects, the latter will continue their destructive work 
(hiring transportation to other countries and after they 
arrives and until cold weather ensues or the logs are con- 
V('rt(*d into lumlx^r. 

It was also found that a thorough soaking in sea-water, 
while it usually killed the ins(wt»s at the time, did not pre- 
vent subs<'<iuent atta<^ks by both foreign and native ambro- 
sia b(*etl(»s; also, that the removal of the bark from such 
logs previous to immersion did not render them entirely 
immune. Those with the bark off wore attacked more 
than those with it on, owing to a greater amount of saline 
moisture retained by the bark. 

How to Prevent Injury 

From the foregoing it will bo seen that some requisites 
for preventing these insect injuries to round timber are: 

1. To provide for as little delay as possible between 
the felling of the tree and its manufacture into 
rough products. This is especially necessary with 
trees felled from April to September, in the region 
north of the Gulf States, and from March to Novem- 
ber in the latter, while the late fall and winter 
outUng should all be worked up by March or April. 



1()S SKASONIN'CJ t>F \V<M>n 

2. If the rcmml tinilwr must Im* Ii*ft iti tin* w<i(m1s »»r <i« 
tho skiilways (hirtiiK tho tiangor i'vit.v |»ri*- 

ojiution shuuUl ht* tiikrn lt» furUitutt* rapiil ilryittK 
t»f tlu‘ 'niiuT hurk. l»y kaoplun th«* 1«>rs «»IT tin* Kiouml, 
in the sun, or in Imise niles; or else the opposite 
extn'ine should 1 m‘ atlopteil aiul the lo^s kept in 
water. 

Ih The iinmediute removal of all the hark from pt»h*s, 
posts, anti other matt^rial whieh will in»t lie seri- 
ously tlamageti I>y eheekinjs tir season eheeks. 

4. To (letermint* an«l utilise tht* proper months or sea- 
sons to nirtllt* or fell tUITer«*nt. ktnils of trees; Ihihl 
eypress in the swamps t»f Iht* South are "uirdletl" 
in <»rtler that they may ilit*, ami in a ft*w weeks or 
months tlry out ainl ht'eome lit?ht enough to tloai. 
This methotl has hetui extt‘nsiM*ly ailopietl in see- 
tions where it is tin* only praetienlile oin* hy whieh 
the timher ean ht* transptirteil to the sawmills. 
It is founti, howevtu*, that want* of these ''nirille«r* 
trees are espeeially attraetive to >everal >peeies of 
nmhrosia het'lles (Fijis. 22 anil 22». rouiitl-lMS'iili li 
borers (Fif?. 211 anti titnber worms i Fiy;. 2.“»>. whieh 
cause seriotis injury tt> the .sapwtioil or heart wood, 
while other trtu's “j^irtlletl ” at a tIilTereni time or 
setison are imt injtmnl. 'Phis sunttesteti to the 
writer the importat»e<* of exi«*riments to determine 
the proper time to "ninlle” tn'es to avoid losses, and 
they are now' beinn eoiuluetetl on an extensiv»» 
scale by the Unitetl States For<*st Serviet*, in ein 
operation with prominent cypress o|Hirntors in 
difTcront sections of the cypress-grirn'inu r(*K>un. 

Saplings 

SaplingH, including hickory and other round l»M)p-|H>leM 
and siiniliar products, are subject to serious liijurieM and 
destruction by round- and flat-headed borers (Fig. 24), 
and certain species of powder post borers (Figs. 26 and 27) 
before the bark and wood cure dead or dry, and also by 
other powder post borers (Fig. 28) alter they are dried and 
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HOjisonc*<l. Tlio conditions favoring attack by the former 
class an* those resulting from leaving the polos in piles 
or i>undl«*s in or lu'ar the forest for a few weeks tluring the 
sc*:ison of insect activity, and by the latter from leaving 
them stored in one place for several months. 

Stave, Heading and Shingle Bolts 

'rhes(* an* attack(*d by ambrosia becdles (Figs. 22 and 
2;i), ami th<* oak limber wonn (Fig. 25, a), which, as luis 
l>een fr{'(im‘ntly n*port(‘d, cause serious losses. The con- 
diti«»ns favoring atta<‘k i)y these ins<‘cts are similiar to 
those mentiomsl und<*r “Round Timber.” The insects 
may <‘ntt*r tlu* wood before the bolts are cut from the log 
or afterward, ('specially if lht^ bolts are left in moist, shady 
places in tin* woods, in cIos<‘ piles during the danger i)eriod. 
If cut during tlu* warm season, the bark should be nv 
mov<‘d and tlu' bolts eonv('rted into the smallest pra<ft.i<^- 
abli* siz(* and piU'd in such manner as to facilitate rapid 
drying. 

Unseasoned Products in the Rough 

Fr(‘shly sawn hardwood, placed in close i)iles during 
warm, damp w<*ath<'r in .luly and St'ptember, jiresents 
<'sp<*cially fav<»rabh' conditions for injury by ambrosia 
Iss'th's (Figs. 22, a, and 22, ab This is due. to the con- 
tinued moist ('ondition of such material. 

Ih'avy two-inch or thre<*-inch stutT is also liable to at- 
tack (‘V(*n in loos(‘ piles with lumber or cross sticks. An 
«*xamph* of tlu* lattt'r wjis found in a valuable lot of ma- 
hogany lumb<*r of tirst grade, the value of whi((h wsus 
r«*duced two thirds by injury from a native ambrosia 
lMH*tl<*. Nunu'rous complaints have been received from. 
dilT<*i*(*nt sections of the c«Hiutry of this chuss of injury to 
oak, poplar, gum, and other hardwoods. In all cases it 
is the moist ccmtlition and retarded drying of the lumber 
which induces attack; therefore, any method which will 
provide for the rapid drying of the wood before or after 
piling will tend to prevent losses. 

It is important that heavy lumber should, as far as 
possibiei be out in the winter months and piled so that it 
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will 1)0 woll tlriod out Ivfore tho luitUUe of Mnrch. S<|uaro 
timber, atavc ami hcmling l>oIt», with t!i« hark t)ii, oftou 
suffer from injurieH by Hat- or roumi-hoaiUnl hon'ra. hatch- 
ing from eggs depositctl in tho hark of tho h)gH iM*fon> thoy 
are sawcii ami piled. One exantplo t)f hi'Houh daitinge 
and lotw was report etl in which white pine Hlavea f«ir paint 
buckets and other Hinall wotxlen vem*ls, which hati Ihu'u 
sawed frtim small h^, ami the !>ark left on tla* edges, 
were attacked by a roiiml-heiwltHl l.M>r»»r, the adults liaving 
depositotl their eggs in the hark after the stock wjis sawn 
ami piletl. The character of the injury is shown in Fig. liP. 
Another example was rc*|M)rtetl from a manufacturer in 
the South, where the pieces of lumls’r which has strips 
of bark on one side were s<*riously damagtal hy the san»‘ 
kind of l)orer, the eggs having l>e<*n <it‘posited in the logs 
l)eforc Hiiwing or in the hark after th<‘ lumlM*r was pilcii. 
If the epsts are <lep<>sitetl in the logs, anti the borers have 
entered the inner hark or the wood hefor<* sawing, tiiey 
may continue their work regar<lU*ss of methods of piling, 
hut if such lumber is cut from new logs iind platted in the 
pile while green, with the hark surfaee up, it will la* mu<’h 
less liable to attack than if piled w'ith the hark edges liown. 
This liability of lumber with hark edges or sides to he 
attacked hy insects HU{Qi;eHts the importunet* of tin* «•- 
moval of tho htvrk, to prevent damagt*, i»r, if this is not 
practicable, tho luml>er with the bark on thi* sides should 
bo piled in open, loose piles with the bark up, wink* that 
with the bark on the edges should Ik) ptueed on the otder 
edges of tho piles, exposed to the light ami air. 

In tho Southern States it is tUfficult to ke<^p grwn timber 
in tho woods or in piles for any length of time, U’caust* of 
tho rapidity which wewd-dostroying fungi athu'k it. 'riiis 
is particularly true during tho summer season, when the 
humidity is greatest. There is really no easily-appUed, 
general specific for these summer troubles in tho handling 
of wood, but there are some eusy^estions that are worth 
while that it may be well to mention. One of those, and 
the most important, is to remove all the bark from the 
timber that has been out, just aa soon ae pooeible after 
felling. And, in this, emphiuiis should be laid on tibe au* 
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as a piece of bark no larger than a man’s little finger will 
furnish an entering place for insects, and once they get in, 
it is a difficult matter to get rid of them, for they seldom 
stop boring until they ruin the stick. And again, after 



Fig. 21), Work of ('(dlitUum nntvumttum^ in Whito 

I*ino Sliiv(»M from N(*\v <u whon'ogg whh dopoHitod 

in biirk; larval rnino; r, pupal coll; r/, oxil in bark; v, adult. 

th(» timber has l)een felled and the bark removed, it is 
well to get it to the mill pond or cut up into merchantable 
sises and on to the pile as soon as possible. What is 
wanted is to get the timber up off the ground, to a 
place where it can get plenty of air, to enable the sap 
to dry up before it sours; and, besides, large units of 
wood are more likely to crack open on the ends from the 
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heat than they would if out up into the snmiler units 
for inerelmntiizing. 

A moist etimlition of IumlH‘r and sepmre tindM»r, sueh 
as results from elos<» or solid piU*s, witli tlu* hot tom !ay<‘rs 
on the ground i>r tm fouiulations of t»Id ileenying l«»gs or 
near <ieeaying stumps ami logs, «»ITers j'speeially favorable 
eomlitions ft»r the aittaek of white ants. 

Seasoned Products in the Rough 

S<nisoned (»r <lry timls'r in staeks «>r stonige is lijdde to 
injury by iMnvder i«>st laorers tKig. 2S». 'ria* eomli- 
tions ftivoring aittaek aire: (I) The presaaaee of ai hii'ge 
proportion of wipwocxl, ais in hiekory, aish, atiad siuailiar 
W(Mh1s; (2) maiteriail which is tw<a a>r ian»i*«‘ yeairs ohl, or 
thait which hais been k(‘pt in one plaice for a long time; 
(2) access to ohl infested material. 'rh«'r<*foa’e, sueh stm’k 
should be frtnpmntly examined for evidenei* of the pr«‘senee 
of these ins<‘cts. This is always iiulicatt'd by line, llour- 
like powder on or Ixmeaith the piles, or otlu*rwasi‘ associaited 
with such maiteriail. All infesteil matei'ial should be at 
once romoveil an<l the infi'sted parts ah*slroy<*d by burning. 

Dry Cooperage Stock and Wooden Truss Hoops 

Those are espeinailly liable to aittaek and seasons injui'y 
by powder post borers (Kig. 2K), umh*r the same or simithir 
conditions as the preceding. 

Staves and Heads of Barrels containing 
Alcoholic Liquids 

Those arc liaible to nttaiek by ambrosial beetles (b'igs. 
22, a, and 23, a), which aro attracted by tho moist, con- 
dition and possibly by tho pooulinr odor of the wcxxl. re- 
sembling that of dying sapwixid of treoH anti logs, wliieh 
is thoir normal brooding place. 

There aro many examples on record of soHouh Iohsoh 
of liquors from leakage caused by tho l)eetleH boring through 
the staves and heads of the barrels and casks in collars 
and storerooms. 

The condition, in addition to the moisture of the wood, 
which is favorable for the presence of the beeties, is proxi- 
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imity to their breedius places, such as the trunks and 
stumps of KHiently felled or dying oak, maple, and other 
hardwood or deciduous trees; lumber yards, sawmills, 
freshly-cut cordwood, from living or dead trees, and forests 
of Inirdwood timber. Under such conditions the beetles 
occur in great numbers, and if the storerooms and cellars 
in which the barrels are kept .stored are damp, poorly venti- 
lat(^d, and rc^adily accessible to them, serious injury is 
almost certain to follow. 
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WATKK IN WOOD 

DISTRIBUTION OF WATKR IN WOOD 

Local Distribution of Water in Wood 

Aa Hpasoiiing luouns ossantinlly tlu* more or Uss rapid 
ovapomtloii of wator from wood, it will Ih* in*n*ssary to 
disciiHH at tha v(»ry outwd whan* wuti'r is found in wood, 
and its local st‘nsonal distribution in a tr<M*. 

Water may occur in wo<h1 in tluve conditums: d) It 
forms the greater part (over tM) iM*r et‘nt» of tin* proto- 
plasmic contents of the living cells; (2) it saturates (he 
walls of all c(*lls; ami (ID it entirely or at least partly fills 
the cavities of the lift*h‘ss cells, fibres, ami vessels. 

In the sapwmul of pine it occurs in alt thrt‘t‘ fortns; in 
the heartwootl only in tlu* second h>rtn, it im*n*ly srit urates 
the Willis. 

Of 100 pounds of water nss<»ciated with 100 pojinds of 
dry wootl suhstiinee taken from 200 p«mmls <if fn*sh s!i{>- 
wood of white pine, about 85 poumls an* mH*ded to sjit urate 
tho cell walls, less than 5 pounils an* (‘ontidned in the 
living cells, and the remaining 00 pounds partly (til the 
cavities of tlio wood fibres. This latter forms the sap 
as ordinarily understood. 

The wood next to tho bark contains the most w'ater. 
In tho species which do not form heart W( mkI, th<* tlecrease 
toward tho pith is gradual, but where hcartwmMl is f»>rmed 
tho change from a more moist to a drier condition is usually 
quite abrupt at tho sapwood limit. 

In long-leaf pine, the wood of the outer one inch of a 
disk may contain 50 per cent of water, that of the next, 
or the second inch, only 36 per oent, and that of the heart- 
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wood, only 20 per cent. In such a tree the amount of 
water in any one section varies with the amount of sap- 
wood, and is greater for the upper than the lower cuts, 
greater for the limbs than the stems, and greatest of all 
in the root«. 

Different trees, oven of the same kind and from the 
same place, differ as to the amount of water they contain. 
A thrifty tree coxxtains more water than a stunted one, 
and a yoxmg tree more than on old one, while the wood 
of all trees varies in its moisture relations with the season 
of the year. 

Seasonal Distribution of Water in Wood 

It is generally supposed that trees contain less water 
in winter than in summer. This is evidenced by the 
popular sjiying that “the sap is down in the winter." This 
is probably not always the case; some trees contain as 
much water in winter as in sumxnor, if not more. Trees 
normally contain the greatest amount of water during 
that p<‘rio(l when the root« are active and the loaves are 
not yet out.. This activity commonly begins in January, 
February, aiul March, the exact time varying with the 
kind of timber and the local atmospheric conditions. And 
it hits been fouml that green wood becomes lighter or 
contains less water in late spring or early summer, when 
transpiration through the foliage is most rapid. The 
amount «)f water at any one season, however, is doubtless 
much influenced by the amount of moisture in the soil. 
The fact that the bark peels easily in the spring depends 
on the presence of incomplete, soft tissue found between 
wood ami bjwrk during this season, and has little to do 
with the total amount of water contained in the wood of 
the stem. 

Even in the living tree a flow of sap from a cut occurs 
only in certain kin^ of trees and under special circum- 
stances. From boards, felled timber, etc., the water 
does not flow out, as is sometimes believed, but must be 
evaporated. The seeming exceptions to this rule are 
mostly referable to* two causes; clefts or shakes" will 
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WATKU IN WOO!) 

DISTIUHUTION OF WATKIi IN WOOD 

Local Distribution of Water in Wood 

As 80ii«<«unK iiMNUw (*si 4 (‘nlinlly lh«* mon* i>r 1 <*hs rupiti 
ovaponitioii of wutor from woihI, h will l«* (o 

(Uhcuks at tho wry tmtsot whore* Wiit<‘r is fijumi in w»MMi, 
timl itH local stMisonal (list rilmt ion in a trin*. 

Water may occur in woeal in lhn*c rontlitions; dj |t 
forms the gr(*at(*r part (over PO per cent • of tin* proto- 
plasmic coutents of the living cells; t*J» it sHturati*^ th«* 
walls of all c(‘lls; ami (Jl) it entirely or at lead partly fills 
the cavities of tlu* lift*less c«*lls, fibres, ainl vesM'ls. 

In the sapwood of pine it occurs in all tlin*e forms; in 
the heartwooil only in the s(»contl form, it merely saturates 
the walls. 

Of 100 pounds of water associated with 100 pounds of 
dry wood substanw bik(‘n from 200 pounds of fresh sap- 
wood of white pine, alMiut H5 {Kamds are m*eded to saturati* 
the cell walls, less than 5 pounds are contained in tin* 
living cells, and the remaining (K) pounds partly fill the 
cavities of the wood fibres. This latter forms tl»» sap 
as ordinarily understocHl. 

The wood next to the bark contains the most water. 
In the species which do not form heartwcsKl, the d(*ertMiso 
toward the pith is gradual, but where heartwiKsI is formed 
the change from a more moist to a drier condition is usually 
quite abrupt at the sapwood limit. 

In long-leaf pine, the wood of the outer one inch of a 
disk may contain 50 per oent of water, that of the next, 
or the second inch, only 85 per cent, and that of the heart- 
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wood, only 20 per cent. In such a tree the amount of 
water in any one section varies with the amount of sap- 
wood, and is greater for the upper than the lower cuts, 
greater for the limbs than the stems, and greatest of all 
in the roots. 

Different trees, even of the same kind and from the 
same place, differ as to the amount of water they contain. 
A thrifty tree contains more water than a stunted one, 
and a young tree more than on old one, while the wood 
of iUl trees varies in its moisture relations with the season 
of the year. 

Seasonal Distribution of Water in Wood 

It is generally supposed that trees contain leas water 
in winter than in siunmcr. This is evidenced by the 
popular saying that “the sap is down in the winter.” This 
is probably not always the case; some trees contain as 
much water in winter jus in summer, if not more. Trees 
noriujilly contain the grojitost amount of water during 
thjit jjeriod when the roots are active and the leaves are 
not yet out. This jwdivity commonly begins in January, 
February, ami hlarch, t.ho exiict time varying with the 
kind of timber Jiml the locjil atmospheric conditions. And 
it hius beeji found Unit gre<m wood becomes lighter or 
contjiins less water in hite spring or ojvrly summer, when 
transpinit ion tlirough the hdiage is most rjvpid. The 
amount of wjiter at Jiny one sejison, however, is doubtless 
much influeiKHul by the Jimount of tnoisture in the soil. 
The fact that the bark peels eiusily in the spring depemls 
on the presence of incomplete, soft tiss\io found between 
wotxl and bark during this season, and has little to do 
with the total amount of water contained in the wood of 
the stem. 

Kven in the living tree a flow of sap from a cut occurs 
only in certain kinds of trees and under special circum- 
stances. From bocurds, felled timber, etc., the water 
does not flow out, as is sometimes believed, but must be 
evaporated. The seeming exceptions to this rule are 
mostly referable to* two causes; clefts or ''shakes” will 
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allow water contaiiuHl i» them to flow t»ut, and water ia 
forctnl out of wnind w<H)d, if wry nappy, whenever the 
woo<l in warmwl, junt tin water flown fron» wtaal when 

put in a stove. 

Composition of Sap 

The term "nap” in an ainhigttoun <*xprf»nnicm. The 
sap in the treii deseeiuin throutch the hark, and except 
in early spring in not present iit the w<mm1 of the tree 
except in the metiullary niys ami living tissues in the 
" napw<KKi.” 

What flown through the "napwcMni” is chiefly wafer 
brought from the s<»il. It is imt pun* water, hut contains 
many sul>ntanceH in nttlution, such an inin(*rai naltn. and 
in certain siwcies • maple, hirch, <*fc., it also contains 
at certain times a small percent agt* <»f sugar and other 
organic matter. 

The water ris<*s from the roots througli the sapwiHsl tt» 
the leaves, where it is eonverte*! into true "sap'’ which 
descends through the hark ami f«‘«*<is the living tissu<*s 
botwcxm the hark ami tlu* wo<m1, which tissues make the 
annual growth of the trunk. 'I'he wooti itsi*lf contains 
very little true sap ami the heartwo<id nom*. 

The w<)(k 1 contains, however, mineral substances, or- 
ganic acids, volatile oils and gtims, as n*sin, cetlur «nl, etc. 

All tho conifers ptiu*s, e<*<lars, junipers, cyjiressi's, 
sequoias, yews, and spruces contain resin. 'Fhe sap 
of deciduous trees those which sheil their leavi*s at 
stated seasons"— is lacking in this element, and its eon- 
stituonts vary greatly in the different speeies. Hut there 
is one element common to all trees, ami for that matter 
to almost all plant growth, and that is albumen. 

Both resin and albumen, as they exist in the sap (»f 
woods, are soluble in water; and both harden with heat, 
much the same as the white of an egg, which is almost 
pure albumen. 

These organic substances are the dissolved reserve f(Kxi. 
stored during the winter in the pith rays, etc., of the wood 
and bark; generally, but a mere trace of them is to be 
found.. From this it appears that the solids contained 
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in the Ftfip, such iw albumen, gum, sugar, etc., cannot 
exorcise the influence on the strength of the wood which is 
so commonly claimed for them. 

Effects of Moisture on Wood 

The question of the effect of moisture upon the strength 
and stiffness of wood offers a wide scope for study, and 
authorities consulted differ in conclusions. Two authori- 
ties give the tensile strength in pounds per square inch 
for white oak «»s 10, 000 and 10,500, respectively; for 
spruce, 8,000 to 19,500, and other species in similiar start- 
ling contnvsts. 

Woo<l, we are t.old, is composcil of organic })roducts. 
The chief material is cellulose, and this in its natural state 
in the living plant or green wood contains from 25 to 35 
per cent, of its weight, in moist.ure. The moisture renders 
the cellulost^ substance pliable. What the physical action 
of th<^ wat(‘r is upon the molecular structure of organic 
iuat(‘rial, to nuuier it softer and more pliable, is largely 
a matt{‘r of conjecture. 

The strength of a timber depends not only upon its 
relative freeclom from imperfections, such as knots, crooked- 
n(*ss of grain, tle(!ay, wormhoU's or ring-shakes, but also 
upon its density; upon the rjite at which it grow, and 
upon the arrangement of the various elements which 
composes it. 

'rile fac^tors effecting t.he st.rengt.h of wood are therefore 
of two <*hisses: (1) 'Piioso inherent in the wood itself and 
which may cause differences to exist between two iiicces 
from the same species of wood or even between the two 
entls of a piece, and (2) those which are foreign to the wood 
itself, such as moisture, oils, and heat. 

Though the effect of moisture is generally temporary, 
it is far more important than is generally realized. So 
great, indeed, is the effect of moisture that under some 
conditions it outweighs all the other causes which effect 
strength, with the exception, perhaps of decided imper- 
fections in the wood itself. 
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The Fibre Saturetioxi Point in Wood 

Water existrt in grt*cn wimhI in tvvu foriiu: (1) As litiuici 
water cnntaincHi in the eiivities of the <i'I!s or pt»res, iiiui 
(2) as **inihil)oci ’* water iiitiiimtely uhstirtHHl in the sul>* 
Btaneo of which the wtuui is coiupostHi. 'I'lie rtnnov’ui of 
the free water from the cells or |»or<*s will evidently have 
no effect upon the physical pro)K>rties or sltrinkuKe of the 
wood, hut as wxm as any of the **inilHlx*d'’ inoistun* is 
removed from the cell walls, shriitkaKe Is^Kins to take place 
and <»ther changes occur. The strength also hegins to 
incretvKO at this time. 

The point where the cell walls or w«K»d snhstance be- 
comes saturated is called the "fibre saturation point." 
and is a very significant point in the tirying of wtssi. 

It is easy to remove tiie frt‘e water from wissls whieh 
will stand a high temtH*ratnre, as it is only m^eessary to 
heat the wood sligldly al)()ve the Itoiling point in a elosed 
vessel, which will allow the <*seape i)f the steam as it is 
formed, hut will iu>t allow dry air to come in eontaet with 
the wo<Ki, so tliat the surface will not become dried Is'low 
its saturation point. Tiiis can be ut'eomplished with 
moat of the softWiKais, Imt not as a rule with the hani- 
woods, as they are injured by the t<*mpt*rature neechsary. 

The chief diffumlticH are cucounteretl in (•vaporating 
the “imbibed” moisture and also where the free wat<'r 
has to bo removed through it^t gradual transfusion inatead 
of boiling. As soon tts the imbibed moisture begins to 
be extracted from any portion, shrinkagt^ tak<>s place and 
BtroHses are sot up in the wood which teml to cause* cheeking. 

The fibre saturation point lies between moisture con- 
ditions of 25 and 30 per cent of the dry weight of the 
wood, depending on the speoteH. Certain sixicies of eu- 
calyptus, and probably other woods, however, appear tt> 
be exceptional in this respect, in that shrinkage begins 
to take place at a moisture condition of 80 to 00 per cent 
of the dry weight. 
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WHAT SEASONING IS 

SbavSonino is ordinarily understood to mean drying. 
When exposed to the sun and air, the water in green wood 
rapidly evaporates. The rate of evaporation will depend 
on: (1) the kind of wood; (2) the shape and thickness of 
the timber; and (3) the conditions under which the wood 
is placed or piled. 

i^ioces of wood completely surrounded by air, exposed 
to the wiiul and the sun, and protected by a roof from 
rain and snow, will dry out very rapidly, while wood piled 
or packed close together so tis to exclude the air, or left 
in the shade and exposed to rain and snow, will dry out 
very slowly and will also be subject to mould and decay. 

Hut seasoning implies other changes besides the evaporar 
tion of wat<‘r. Although wo have as yet only a vague 
conception as to the exact nature of the difference between 
seasoiH'd and unseasoned wood, it is very probable that 
one of these consists in chiuiges in the albuminous sub- 
stances in the wood fibres, and possibly also in the tannins, 
r<*sins, and other incrusting substimccs. Whether the 
change in these substances is merely a drying-out, or 
w'hether it consists in a partial decomposition is at yet 
undetermined. That the change during the seasoning 
process is a profound one there can be no doubt, because 
experience has shown again and again that seasoned wood 
fibre is very much more permeable, both for liquids and 
gases than the living, unseasoned fibre. 

One can picture the albuimnous substances as forming 
a coating which dries out and possibly disintegrates when 
the wood dries. The drying-out may result in consider- 
able shrinkage, which may make the wood fibre more 
porous. It is also possible that there are oxidizing in- 
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fliicnccs nt work wltiiiii tlioHi* stihstaiicoH which n^stth iti 
their (llsliitcgnition. Wlmtcvcr tlu* exact iiaturt* of the 
change nmy Ik*, one can say witluntt hesitation that ex- 
posim' to the wind and air brings about changes in the 
wood, whicii art* of sueli a nature that tl»t* wiMni lM*coni(*s 
drier and more pernit'abh*. 

When st'jisoneti l»y expttsurt* to live steam, simiiinr 
changes may take place; the watt*r leaves the wood in tht* 
form of steam, whih* the organic comptiumis in the walls 
probably coagulate or disintegratt* under the high tem- 
perature. 

The most effective seasoning is withtait doubt that 
obtained by the uniform. sli»w tlryiiig which takes place 
in pro|M*rly constructetl pih*s t»utdtH»rs, umler t*xp<»sure 
to the wimls anti the sun ami umler cover fnun the rain 
and sm>w, ami is what luis Iwvn tenm*d "air-seas»»ning.’' 
By air>HC*asoning oak and similiar liartlwtsids, natun* p<*r- 
forms certain functit»ns that cannot be duplicatisl by any 
artificial means. Mecaust* of this, woods of this class 
cannot be successfidly kiln-<lrie<l gre»*n from tlu* saw. 

In drying w«mk1, the free water within the cells pjtsses 
through the eell walls tintil the cells are empty, while the 
cell walls remain saturuteti. When all tlie free water has 
been removed, the cell walls begin to yield up tlaar mois- 
ture. Heat raist'H the absorptive power of the fibres and 
HO aids the passage of water from the interior of tin* cells. 
A confusion in the W'ord “sap" is ti» be fotmtl in many 
discuasioiis of kiln-drying; In some inslanct's it means 
water, in other cases it is applied to the organic stibstances 
held in a water solution in the ct*ll cavitit's. 'I'ln* term is 
beat confined to the organic substances from the living 
cell. Those substances, htr the most part c»f tin* nature 
of sugar, have a strong attraction f«»r water and water 
vapor, and so retard (Irytng and abstirb tm»istiire into 
dried wood. High temperatures, es|)ecltt!ly thost* pro- 
duced by live steam, appear to destroy these oi^tutic e»>m- 
pounds and therefore both to retard anti to limit the 
reabsorption of moisture when the wotni is Bubsoquently 
expired to the atmosphere. 

Air-dried wood, under ordinary atmoepherio iemp^mr 
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tures, retains from 10 to 20 prar cent of moisture, whereas 
kiln-dried wood may have no more than 6 per cent as it 
comes from the kiln. The exact figures for a given species 
ilcpond in the first case upon the weather conditions, and 
in the second cjiso upon the temperature in the kiln and 
the time iluring which the wood is exposed to it. When 
wooti that hjis hc<in kiln-dried is allowed to stand in the 
open, it appanmtly ceiusos to reabsorb moisture from the 
air befoi*e its moisture content equjils that of wood which 
has merely Imhui air-driexl in the same place, and under 
tlm .siune coiulitions, in other words kiln-dried wood will 
not. absorb as much moisture as air-dried wood under the 
same coiulitions. 

Difference between Seasoned and Unseasoned Wood 

Although it htus been known for a long time that there 
is a mark<Hl diffiireiu^e in the length of life of seasoned and 
of unsoasoiuHl w<s)d, the consumers of woo<l have shown 
v<*ry little inter<*st. in its sc^isoning, except for the purpose 
of doing away with tlui evils which result from checking, 
warping, and shrinking. For this pvuposo both kiln- 
tirying arul air-seasoning are largely in use. 

'riu* drying of material is a subject which is extremely 
imi>ortant to most iiulustries, and in no industry is it of 
inort^ import aiuio than in the lumber trade. Timber 
drying means not only the extracting of so much water, 
but g<H^s very ileeply int.o the quality of the wood, its 
workability aiul its cell strength, etc. 

Kiln-<lrying, which <lries the wood at a uniformly rapid 
rate by artificially heating it in inclosed nxinis, has be- 
come a part of almost every woodworking industry, as 
without it the construction of the finished product would 
often he impossible. Nevertheless much unseasoned or 
imp<»rfectly seasoned wood is used, as is evidenced by the 
frequent shrinkage and warping of the finished articles. 
This is explained to a certain extent by the fact that the 
manufacturer is often so hard pressed for his product that 
he is forced to send out an inferior article,^ which the con- 
sumer is willing to accept in that condition rather than 
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to wait several weeks or months for an article mode up 
of thoroughly seasoned material, and also Unit dry kilns 
are at present constructed and operated largely without 
thoroughgoing system. 

Forms of l^ns axid motlo of oi>cration have commonly 
been copied by one wtw)dwt>rking plant after tlut ctxample of 
some neighboring establishment. In this way it Inis l«H»n 
brought about that the prestmt pmcl iew have many short- 
comings. The most progressive oixerators, Ixowever, have 
experimented freely in the effort to stHSurt^ sptH'ial n*sult44 
desirable for their peculiar prtKlucts. Despite i\w tliversity 
of practice, it is possible to find anxong t h(» larger aiul more 
enterprising operators a measure of agrexunent, as to IsUli 
methods and results, and from this t4> outline the t^sscMitials 
of a correct theory. As a result, projwrly staisoned wihxI 
commands a high price, and in some cjist?s cannot be ol>- 
tained at all. 

Wood seasoned out of d(x>rs, which by many is supposc'd 
to be much superior to kiln-ilried materiid, is bec'oming 
very scarce, aa the doimind for any kind of wood is so great 
that it is thought not to pay to hold it ft>r the time nec- 
essary to season it properly. How long this siatt* of affairs 
is going to last it is difficult to say, but it is believeti that 
a reaction will come when the consumer U'arns that in 
the long nm it does not pay to use p<M)rly scaisonetl material. 
Such a condition has now arisen in connection with anotlxT 
phase of the seasoning of wotwl; it is a commonly mwcptinl 
fact that dry wood will not decay nearly so fast ns wc*t 
or green wood; nevertheless, the immense suiwriority of 
seasoned over tmseasoned wood for all puriKisc's wl«*ro 
resistance to decay is necessary has not Ixsen Hufllciently 
recognized. In the times when wood of all kinds wim 
both plentiful and cheap, it mattore<l little in most cnscH 
how long it lasted or resisted decay. Wo<xl used for 
furniture, flooring, car construction, cooperage, etc., usudlly 
got some chance to dry out before or after it was placed 
in use. The wood which was exposed to decaying in- 
fluences was genwally selected from those woods which, 
whatever their other qualities might be, would resist db- 
cay longest. 
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To-day conditions have changed, so that wood can no 
longer be use<l to the same extent as in former years. 
Inferior wootis with less lasting qualities have been pressed 
into service. Although haphazard methods of cutting 
and subseciuont use ore still much in vogue, there are 
many signs tliat both lumbermen and consumers are 
awakening to the fact that such carelessness and waste- 
ful methods of handling wood will no longer do, and must 
give way to more exact and economical methods. The 
reason why many mjinufaeturers and consumers of wood 
are still using the older methods is perhaps because of 
long custom, and because they have not yet learned that, 
though the saving to be obtained by the application of 
good m(itho<ls hiis at all times been appreciable, now, 
when wood is more valuable, a much greater saving is 
possible. The increased cost of applying economical 
methods is really very slight, and is many times exceeded 
by the value of the increased service which can be secured 
through its use. 

Manner of Evaporation of Water 

The evaporation of water from wood takes place largely 
through the en<is, t.c., in the direction of the longitudinal 
axis of the wood fihre^s. The evaporation from the other 
surfaces takes place very slowly out of doors, and with 
greater rapitiity in a dry kiln. The rate of evaporation 
cliffers both with the kind of timber and its shape; that is, 
thin material will dry more rapi<lly than heavier stock. 
Sapwoo<l <lrics faster than heartwood, and pine more 
rapidly than oak or other hardw<H>ds. 

Tests made show little diffcrciice in the rate of evapora- 
tion in sawn and hewn stock, the results, however, not 
being conclusive. Air-drying out of doors takes from 
two months to a year, the time depending on the kind of 
timber, its thickness, and the climatic conditions. After 
wood has reached an air-dry condition it absorbs water 
in small quantities after a rain or during damp weather, 
much of which is immediately lost again when a few warm, 
dry dayp fdlow. In this way wood eaeposed to the weather 
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will continue to absorb water and lose it for indefinite 
periods. 

When soaked in water, seasoned woods al>Horb water 
rapidly. This at first enters int<» tlie w<H>d throuKii tlie 
cell walls; when these are soaked, tlic water will fill I lie 
cell lumen, so that if constantly subinerKed the wtiod may 
become completely filled with water. 

The following figures slu>w tiui gain in weight by al>- 
sorption of several c<>nifc*rous 'wootls, air-dry at the start, 
expressed in per cent of the kiln-tiry weight ; 
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Rapidity of Evaporation 

The rapidity with which water is (tvaponited, that is, 
the rate of drying, depends on the sisse and shape of the 
piece and on the structure of the wood. An ineli boani 
dries more than four times tui fast as a four-inch plank, anti 
more than twenty times as fast as a ton-inch timlicr. 
White pine dries faster than oak. A very moist pioeo of 
pine or oak will, during one hour, lose more than four times 
as much water per square inch from the oross-section, but 
only one half aS^uoh from the tar^ntial as from the radial 
section. In a long lumber, where the ends or orossHseo- 
tions form but a small ps«rt of the drying surface, this dif- 
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ferenco is not so evident. Nevertheless, the ends dry 
and shrink first, and beiixg opposed in this shrinkage by 
the more moist adjoining parts, they check, the cracks 
largely disappearing as seasoning progresses. 

High t.enxperaturc8 are very effective in evaporating 
the waft^r from wood, no matter how humid the air, and 
a fresh piece of sapwood may lose weight in boiling water, 
and can be dried to qxiito an extent in hot steam. 

In drying chemicals or fabrics, all that is required is to 
provi<le heat eixough to vaporize the moistiu-o and circu- 
latioix enough f o carry off the vapor thus secured, and the 
{pii<^kest ami most economical means to these ends may 
be used. While on the other hand, in drying wood, whether 
in the form of standard stock or the finished product, the 
application of the requisite heat and circulation must be 
car<‘fully r<‘gulat<'d tiu'oughout the entire process, or 
warping ami <*luH*king are almost certain to result. More- 
over, woo<l of different, shapes and thicknesses is very dif- 
f(*rently eff(‘cttMl Ixy the same treatment. Finally, the 
tissues <’om])osing the wood, which vary in form and physi- 
cal prop<‘rties, ami which cross each otlicr in regular direc- 
tions, ex(‘rl. their own peculiar influences upon its behavior 
during <lrying. With our native woods, for instance, 
HUiiimer-wood ami spring-w<K)d show distinct tendencies 
in tlrying, ami the same, is t-rue in a less degree of heart- 
wood, as contnuste<l with sapwood. Or, again, pronounced 
medullary rays further conipli<5ate the <lrying problem. 

Physical Properties that influence Drying 

The principal properties which remlor the drying of 
wood peculiiirly tlifficult tiro: (1) The irregular shrinkage; 
(2) tho different ways in which water is contained; (3) the 
manner in which moisture transfuses through the wood 
frt>m the center to the surface; (4) the plasticity of the 
wood substance while moist and hot; (5) the changes 
which take place in the hygroscopic and chemical nature 
of the surface; and (6) the Terence produced in the total 
shrinkage by different rates of drying. 

The shrinkage is unequal in different detections and 
in different portions of the same piece. It is greatest in 
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the circumferential direction of the tr<*e, being generally 
twice aa great in thia direction as in the rtuiial direction. 
In the longitudinal direction, ft»r most wotuls, it is almost 
negligible, being from 20 tt> over 1(K) times tis great cir- 
cumferentially as longitiulinally. 

There is a groat variation ii\ different Hin»eies in tins 
respect. Consequently, it follows from necessity that 
largo internal strains are set up wlnen the wimmI shrinks, 
and were it not for its plasticity it wmdd rupttire. 'rhere 
is an enormous diflforonce in the total amount of slirinkage 
of different species of wotsl, varying from a shrinkage of 
only 7 per cent in volume, based on the green dimensions, 
in the case of some of the cedars to nearly 50 per cent in 
the case of some species of eucalyptus. 

When the free water in the capillary space's of the* wood 
fibre is evaporated it follows the laws of evaporation from 
capillary spaces, except that the laissag^'s an* liot all frec^ 
passages, and much of the water has to pass out by a 
process of transfusion through tlu^ moist C(*I1 walls, 'riu'sct 
cell walls in the green wotsl completely surrounti the c<*ll 
cavities so that there are no openings large enough to offer 
a passage to water or air. 

The well-known “pits” in the cell walls ext(*nd throtigh 
the secondary thickening only, and not through the ))ri- 
mary walls. This statement applu*s to the tru<*h(*ids ami 
parenchyma cells in the conifer (gy!nnosiM*rms) , and to the 
tracheids, parenchyma colls, and the W(»ui tii>n*s in the 
broad-leaved trees (angiosperms) ; the vessels in the lattt*r, 
however, form open passages except when clogg(*<I by 
ingrowth called tyloses, and the resin canals in the b)rmer 
sometimes form occasional openings. 

By heating the wood above the boiling point, corrc*spon<l- 
ing to the external pressure, the free water piutses through 
the cell walls more readily. 

To remove the inoisture from the wood substance re- 
quires heat in addition, to the latent heat of evaporation, 
because the molecules of moisture are so intimately as- 
sociated with the molecules, minute partiolee cx>mpasing 
the wood, that energy is required to separate them thore- 
fronu 
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Carefully conducted experiments show this to be from 
16.6 to 19.6 calories per grain of dry wood in the case of 
beech, long-leaf pine, and sugar maple. 

The difficulty imposed in drying, however, is not so 
much the additional heat required as it is in the rate at 
which the water transfuses through the solid wood. 



8K(TI()N Vm 


A1)YANTA(JK8 IX KEAS<)NIN(3 

Throe most important lulvantagoH of WMisoninj^ hav(‘ 
already been made apparent: 

1. Seasoned timber lasts much longer than uns(*as(»ncd. 

Since the decay of timber is (lue to the attacks of 
wood-destroying fungi, and since tlu* most important 
condition of the growth of fhes(‘ fungi is wal<*r, 
anything which lessens the amount of water in 
wood aids in its pr(%<ervation. 

2. In the case of treated timlx'r, seasoning Isdon* tr«*at- 

ment greatly increjises the <‘fTt‘<*tivi»m‘ss of th«‘ 
ordinary metluxls of treatment, ami seasoning after 
treatment pn^vents the rapid l(*aehing out 4»f tlu‘ 
salts introduced to pr<*serve tlu* tinibcT. 

3. The saving in freight where timber is shi]tped fnnn 

one place to another. Few persons n*ali/.e how 
much water green w(WMi (ambiins, or how mm'h it 
will lose in a comparatively short time. Mxjs'ri- 
ments along this lino with lodge-pole pine, white 
oak, and chestnut gave results whi(di were a surpris<» 
to the companies owning the timlK*r. 

Freight charges vary considerably in different parts of 
the country; but a decrease of 35 to 40 |>er cent in weight 
is important enough to deserve everywhere serious con- 
sideration from those in charge of timber operations. 

When timber is shipped long distances over several 
roads, as u ooming to be more and more the ease, the sav- 
ing in freight wiU make a material differenoe in the cost 
of lumber operations, irrespective qf any otiier advantagse 
of seasoning. 
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Prevention of Checking and Splitting 

Under pnisont inothodH much timber is rendered unfit 
for use by improper seasoning. Green timber, particu- 
larly wluMi cut during January, February, and March, 
when the roots are most active, contains a large amount 
of water. When exposwl to the sun and wind or to 
temperatixrw in a drying r<H)m, the water will evaporate 
more rapidly from the outer than from the inner parts 
of the pie(!e, ami more rapidly from the ends than from 
the .sid<‘s. As the water evaporates, the wood shrinks, 
and when the shrinkage is not fairly uniform the wood 
cracks and s])lits. 

Wheii wet. wootl is piled in the sun, evaporation goes 
on with such unevemu*ss that the timbers split and crack 
in some cases so badly as to become useless for the purpose 
for which it was intended. Such uneven drying can be 
piH'venti'd by careful piling, keeping the logs immersed 
in a log poiul until wanted, or by piling or storing under 
an open slusl so that the sun cannot get at them. 

Kxp<*rim<*nts have al.so <lemonstrated that injury to 
stock in the way of checking and splitting always de- 
velops imnu‘diat<*ly after the stock is taken into the dry 
kiln, an<l is due to the degree of humitlity being too low. 

'I’he receiving end of the kiln should always be kept 
moist, whiU'Ci the stock has not been steamed before being 
put into the kiln, as when the air is too dry it tends to 
<lry the outsUle of tlie stock first — which is termo<l “case- 
hawlening*' - — ami in so doing shrinks and closes up the 
pores. As the material is movc<l down the kiln (as 
in the case of “progressive kilns”), it absorbs a 
continually increasing amount of heat, which tends 
to drive off the moisture still present in the center of 
the piece, the pores on the outside having been closed 
up, there is no exit for the vapor or steam that is being 
rapidly formed in the center of the piece. It must find 
its way out in some manner, and in doing so sets up strains, 
which result either in checking or splitting. If the hu- 
midity had beoa k^t high<^, the outside of the piece would 
not have dried eo. end the pores ’^ould have, re* 
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mained open for the exit of the niointurc from the in- 
terior of the piece, anti this trouhlo woulti Jmvc been 
avoided. (See also article following.) 

Shrinkage of Wood 

Since in all our wootls, «H*llrt with thick wails and colls 
with thin walls are more or loss intermixed, atui especially 
as the spring-wood and snmmer-wmsl nearly always <liffer 
from each other in this resix*ct, strains anti t{M>denct(>s 
to warp are always active when wood tlries out, IxsMiuse 
the summer-wood shrinks moro than the spring-wood, 
and heavier wood in genend shrinks more than light wo<hI 
of the same kind. 

If a thin piece of wcxmI after tlrying is placed upon a 
moist surface, the cells on the untler si<le of flu* pi«*ee take 
up moisture and swell before the up|M*r c<*lls rec«*ive any 
moisture. This causes the under side of the pi»*ce to l«*- 
como longer than the upper side, and iw a consc(picnc«* 
warping occurs. Soon, however, tlu'i moisture peiu*1 rates 
to all the cells and the picHse straightens out. Hut while 
a thin board of pine curvets laterally it remains «iuite 
straight lengthwise, since in this dire(*tion both shrinkage 
and swelling arc small. If one side) of a green boani is 
exposed to the sun, warping is producecl by the remo\’al i»f 
water and consequent shrinkage of the side expt»s(*d: this 
may bo eliminated by the fre<iuent turning of the topmost 
pieces of the piles in order that they may 1 m» dried evenly. 

As already stated, woml loww water fast«*r from the 
ends than from the longitudinal faces. Ihutce tlu» ends 
shrink at a different rate from the interior parts. 'Fho 
faster the drying at the surface, the greater is the difTercnee 
in the moisture of the different parts, and hence the greater 
the strains and consequently also the greater anumnt of 
checking. This^ becomes vcoy evident when fresldy cut 
wood is placed in the sun, and still more when put itito a 
hot, dry kiha. While most of these smaller oheolu are only 
temporary, closing up again, some large radial oheoka r»> 
main wd even grow larger as drying pro g r ou e o e. Their 
cause is a different one and will presently be exf^Udned. 
The temporary tdMeks not only appear at the ends, but 
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are developed on the sides also, only to a much aTYioiioi. 
<legreo. They become especially annoying on the surface 
of thick planks of hardwoods, and also on peeled logs 
when exposed to the sun. 

So far we have considered the wood as if made up only 
of parallel fibres all placed longitudinally in the log. 
This, however, is not the case. A large part of the wood 
is formed by the medullary or pith rays. In pine over 
15,()()l) of these occur on a square inch of a tangential 
section, aiul even in oak the very hirge rays, which are 
reatlily visible to the eye, represent scarcely a hundredth 
part of the ninnbcr which a microscope reveals, as the 
cells of these rays have their length at right angles to the 
direction of the wood fihi’cs. 

If a large pith ray of white oak is whittled out and al- 
lowetl to tlry, it is found to shrink greatly in its width, 
whil(‘, as we have stated, the fibres to which the ray is 
firndy grown in the wood do not shrink in the same direc- 
tion. 'rhcrt^fore, in the wood, as the cells of the pith ray 
<lry they pull on the longitudinal fibres and try to shorten 
them, aiul, being opposetl by the rigidity of the fibres, the 
pith ray is greatly strained. But this is not the only 
strain it has to bear. Siiuic the fibres shrink as much 
again as the pith ray, in this its longitudinal direction, 
the fibres tciul to shorten the ray, and the latter in ojv 
posing this prevents the former from shrinking as much 
jis they otherwise wouUl. 

'riuts the structure is subjected to two severe strains 
at right angles to each other, and herein lies the greatest 
ilifliculty of wootl scivsoning, for whenever the wood dries 
rapidly these fibres have not the chance to “give” or ac- 
comoefato themselves, and hence fibres and pith rays 
separate and checking results, which, whether visible or 
not, are detrimental in the use of the wood. 

The contraction of the pith rays parallel to the length 
of the board is probably one of the causes of the small 
amount of longitudinal shrinkage which has been ob- 
served in boar^. This smaller shrinkage of the pith 
rays along tibe radius of the log (the length of the pith ray), 
oppoedng the shdnkege of the fibreiB in this direction, be- 
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comes one of tlio causes of th« secoiul Rroat trtnil>lo m 
wood seasoning, namely, the <UfT<‘it‘n<‘e iii the shrinkage 
along the radius and that along the rings or tangent. 'I'his 
greater tangenthil shrinkage apiWMirs to be due in part to 
the causes just mentioned, but also to the fact that the 
greatly shrinking bands of summer-w<M>d an* interrnptial 
along the ra<iius by tus many bands of p<»rt>us spring-woo<i, 
while they arc continuous in the tangt'ntial clire<*tion. In 
this direction, therefore, each such baiul l<*nds to shrink, 
as if the entire piece were comiM>sed of sunnner-wood, 
and since the summer-woo<l r<*prt‘sents tlu* gn‘at<*r part 
of the wood substance, this greater tt*nden<*.v to tangential 
shrinkage prevails. 

The effect of this greater tangential slirinkage 4‘ffeets 
every phase of woodworking. It lea<ls to permanent 
chocks an<l causes the log or piece to split o|M‘n on <lr.ving. 
Sawed in two, the flat sidt*s of the log be»‘innt* e«>nvex; 
sawed into timber, it (dieeks ahntg tint na'dian Hiu' of 
the four faces, and if converted info boards, the latter 
chocks considerably from the eial through tla* e«‘ntc*r. all 
owing to the greati^r t.angential shrinkage of tin* woimI. 

Briefly, then, shrinkage of wood is due to the fact that 
the coll walls grow thinner on drying. 'I'he thicker cell 
walls and therefore the heavier woo«l shrinks most, wliile 
the water in the cell cavities thws not influence the volunu* 
of the wood. 

Owing to the great difference of cells in sha|M>, size, and 
thickness of walls, and still mon^ in their arrangtanent, 
shrinkage is not uniform in any kind i>f wimsI. ’rins 
irregularity produces strains, which grow with the dif- 
ference between adjoining colls and are greatest at th«» 
pith rays. These strains catiso warping utid (duM*ktiig, 
but exist oven where no outwiurd signs aro visible. Thc*y 
are greater if the wood is dried rapidly than if druni slowly, 
but can never be entirely avoided. 

Temporary checks are caused by the more mpid dry- 
ing of the outer parts of any stick; permanent checke 
axe due to the greater shrinkj^, taiMSentially, along the 
rings than along the radius. This, too, is the cauee of 
most of the ordinary phenomena of ahrinkage, such am 
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tho (liffcrcncp in behavior of the entire and quartered logs, 
“bastard” (tangent) and rift (radial) boards, etc., and 
explains many of tho phenomena erroneously attributed 
to the influence of bark, or of tho greater shrinkage of 
outer and inner parts of any log. 

Once <lry, w<K)d may l)o swelled again to its original 
size by soaking in water, boiling, or steaming. Soaked 
piece's on elrying shrink again as before; boiled and steamed 
piece's do the same, but to a slightly less degree. Neither 
iiygroscopie^ity, the capacity of taking up water, nor 
shrinkag^et of wotxl can be overcome by drying at tempera- 
tures l)elow 200 (h^groes Fahrenlu'it. Higher temperatures, 
however, re<lu<<e th<^se (lualities, but nothing short of a 
(ioaling h(*at rol>s wcmkI of the <!apacity to shrink and swell. 

Hapiiily <lri<‘d in a kiln, tho wood of oak and other 
hardwoocls “cjis<'-hard('u,” that is, tho outer part dries 
and shrinks Ix'fore the interior has a chance to do the same, 
aiul tlms ft>rms a firm slu'll or cjise of shrunken, commonly 
ehe<*ke<l wood around the interior. This shell does not 
pr<*v<‘nt the interior from <hying, but when this drying 
o<*curs th<^ int(*rior is commonly checked along tho medul- 
lary rays, commonly called “honeycombing” or “hollow- 
horning.” In pra<*tice this occurrence can bo prevented 
by steaming or sweating the wood in the kiln, and still 
l>ett(*r by tlrying thci wood in the open air or in a shed 
Ix'fon* placing in th<! kiln. Since only the first shrinkage 
is apt to (^lu'ck the w<xxl, any kind of lumber which has 
once Ix'en air-<lri<Hl (three to six months for one-inch stuff) 
may be subjeot.ed to kiln heat witht)Ut any danger from 
this source. 

Kept in a bent or warped condition during the first 
shrinkage, tho w<K>d retains tho shape to which it has 
1)001); bent and firmly opposes any attempt at subsequent 
straightening. 

Sapwood, as a rule, shrinks more than heartwood of 
the same weight, but very heavy heartwood may shrink 
more than lighter sapwood. The amount of water in 
wood is no criterion of its shrinkage, since in wet wood 
most of the water is held in the cavities, where it has no 
effect on the voluxne. 
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The wood of pine, spruce, cypress, etc., with its very 
regular structure, dries and shrinks evenly, and suf)'<»rs 
much less in seasoning than the wood of broad-leaved 
(hanlwotxl) trees. Among the latter, oak is tlie most 
difficult to dry without injury. 

Desiccating the air with certaii» chemicals will cause the 
wood to dry, but wood thus <lried at 80 tlc*gre<‘s FahrcmluMt 
will still lose water in the kiln. W<>o<i «irie<l at, 120 <l<'gnx*s 
Fahrenheit loses water still if dried at 2tK) «h‘gr<M*H Kaliwn- 
heit, and this again will lose more water if the t<*miH*rature 
be raised, so that ahsolutelj/ dry vwod cannot Ix^ obtaiiuxl, 
and chemical destruction stite in before all the wat<‘r is 
driven off. 

On removal fnnn the kiln, the dry wo«m1 at once takes 
up moisture from the air, even in the <lri<*st W(*uther. .\t 
first the absorption is (juite rapitl; at tlu‘ en<l of n week 
a short piece of pine, li inches thi<*k, has n^gaiiu'd two 
thirds of, and, in a few months, all the moisture wliieh it 
had when air-dry, 8 to 10 i)er cent, and also its fornuT 
dimensions. In thin boards all parts soon attain lh»‘ 
same degree of dryness. In heavy timbers the int<>rior n‘- 
mains more moist for many months, and even yt‘ars, than 
the exterior parts. Finally an (Xitiilibrium is reacluMl, 
and then only the outer parts change* with the weather. 

With kiln-^briod woods all parts are cfjually «lry, and 
when exposed, the moisture coming from the* air must 
pass through the outer parts, aiul thus the ord<‘r is n*- 
versed. Ordinary timber reeiuin’s months Ix'fori* it is 
at its best. Kiln-dried timber, if properly hamlled, is 
prime at once. 

Dry wood if soaked in water sexin regains its origimU 
volume, and in the heartwexnl portion it may ev«*n sur- 
pass it; that is to say, swell to a larger dimension than 
it had when green. With the soaking it et>ntimies to 
increase in weight, the cell cavities filling with water, and 
if left many months all pieces sink. Yet after a year's 
immer^on a piece of oak 2 by 2 inches and only C inches 
long stiU contains air; C,e., it has not taken up ail the 
water it can. By rafting or prolonged immersion, wood 
loses some of its weight, soluble materisds bidng leached 
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out, but it w not impaired either as fuel or as building 
material. Immersion, and still more boiling and steam- 
ing, reduce the hygroscopicity of wood and therefore also 
the troublesome “working,” or shrinking and swelling. 

Exposure in dry air to a temperature of 300 degrees Fah- 
renheit for a short time reduces but does not destroy the 
hygroscopicity, and with it the tendency to a^rinir and 
swell. A piece of red oak which has been subjected to a 
temperature of over 300 degrees Fahrenheit still swells in 
hot water and shrinks in a dry kiln. 

Expansion of Wood 

It must not be forgotten that timber, in common with 
every other material, oxp<mds as well as contracts. If 
we oxtnwit the moisture from a piece of wood and so cause 
it to shrink, it may be swelled to its original volume by 
soaking it in water, but owing to the protection given to 
most timlH*r in (Iwelling-houses it is not much affected by 
wet or (lamp weather. The shrinkage is more apparent, 
more lasting, and of more conseciucnce to the architect, 
builder, or owner than the slight expansion which takes 
place, as, although the amount of moisture contained in 
wood varies with the climate conditions, the consequence 
of dampn(‘ss or moisture on good timber used in houses 
only makes itstdf apparent by the occasional jamming of a 
door or window in wet or damp weather. 

< ’on.siderable expansion, however, takes place in the 
wood-paving of streets, and when tliis form of paving 
was in its infancy much trouble occurred owing to all 
allowances not having been made for this contingency, 
the tn>ublo being doubtless increased owing to the blocks 
not being properly seasoned; curbing was lifted or pushed 
out of line and gully grids were broken by this action. As 
a rule in street paving a space of one or two inches wide 
is now left next to the curb, which is filled with sand or 
some soft material, so that the blocks may expand longitu- 
dinally without injuring the contour or affecting the curbs. 
But even with this arrangement it- is not at all unusual 
for an ineb or more to have to be out off paving blocks 
parallel to the ehnxmels 9 ome,time after the paving has 
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been laid, owing to the cxpan»ii>n of the w<xh 1 cxcix^ding 
the amounts allowed. 

Considerable variation occurs in the expansion of wood 
blocks, and it is noticeable in the hartlwtx>ds as w<‘ll as in 
the softwoods, and is often greater in the former than in 
the latter. 

Expansion takes place iti the direction of the length of 
the blocks as they arc laid across the street, and causes 
no trouble in the other dire<5tion, the reason Ixung that 
the lengthway of a block of w<uxl is tuross the grain of 
the timber, and it expands or contracts as a plank d<M‘s. 
On one occasion, in a roadway ft)rty ftxd. wUle, expansion 
occurred until it amounted to four in<‘ht‘s t»n each side, 
or eight inches in all. This continual expansion anil con- 
traction is doubtless the cause of a considerable amount of 
wood street-paving bulging and becoming tilled with 
ridges and depressions. 

Elimination of Stain and Mildew 

A great many manufacturers, and particularly those 
located in the Southern States, experiem'c a great amount 
of difficulty in their timber lHMa>ming stained and mil- 
dewed. This is particularly true with gum wooil, as it will 
frequently stain and mould in twenty-four hours, and 
they have experienced so much of this trouble that they 
have, in a great many instances, discontinued cutting it 
drudng the summer season. 

If this matter were given proper attention tht‘y should 
be able to eliminate a great deal of this difficulty, as iit> 
doubt they will find after investigation that the mouhl 
has been caused by the stock being improperly piled to 
the weather. 

Freshly sawn wood, placed in close piles during warm, 
damp weather in the months of July and Augtist, presents 
especially favorable conditions for mould and stain. !n 
all cases it is the moist condition and retarded drying of 
the wood which causes this. Therefore, any method which 
will provide for the rapid drying of the wood before or 
after piling will tend to prevent the difficulty, and the 
best xnethod for eliminating mould is (1) to provide for 
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a.s little delay aa pmible between the felling of the tree, 
and ita manufacture into rough products before the sap 
has had an opportunity of becoming sour. This is es- 
pecially ncccaaary with trees felled from April to Septem- 
ber, in the reipon north of the Gulf States, and from !^ch 
to November in the latter, while the late fall and winter 
cutting ahould all bo worked up by March or April (2) 
llie nmterial ahould 1)0 piled to the weather immediately 
after being sawn or cut, and every precaution should be 
taken in piling to faralitato rapid drying, by keeping the 
piles or ricka up off the ground (3) AU weeds (and em- 
phasis should bo placed on the all) and other vegeta- 
tion should l)c kept well clear of the piles, in order that the 
air limy have a clear and unolistructed passage through and 
around the piles, and (4) the piles should be so constructed 
that each stick or piece will have as much air space about 
it as it is |)ossiI)le to give to it. 

If (he above instnietiona are properly carried out, there 
will tm little or no dilliculty cx|)erienced with mould ap- 
Iiearing on the lumber. 
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DIFFICULTIES OF DUYINO 

WOOD 

Seasoning and kiln-drying is so inii)ortant a process in 
the manufacture of wo(k1s that a need is keenly f«*lt for 
fuller information regarding it, based upon scientific study 
of the behavior of various species at difTerent ni(u*hani<'al 
temperatures and under different mechanical drying proc- 
esses. The special precautions neemary t«> prevent loss 
of strength or distortion of sha|)e render the drying of 
wood especially difficult. 

All wood when undergoing a setwoning pnK‘(*ss, c'itlier 
natural (by air) or mechanical (by steam or heat in a dry 
kiln), checks or splits more or less. This is thn* to ih(‘ 
uneven drying-put of the wockI and the consequent strains 
exerted in opposite directions by the wood fibres in slirink- 
ing. This shrinkage, it has been proven, takt‘s place both 
end-wise and across the grain of the wcswl. 'I'he old tradi- 
tion that wood df)es not shrink end-wuse Inis long since 
been shattered, and it has long been lUunonstrated that 
there is an end-wise shrinkage. 

In some woods it is very light, while in others it is easily 
perceptible. It is claimed that the average end shrink- 
age, taking all the woods, is only almut 1| jwr cent. This, 
however, probably has relation to the average shrinkage 
on ordinary lumber as it is used and cut and dried. Now 
if we depart from this and take veneer, or basket stock, 
or even stave bolts where they are boiled, oaumng swelling 
both end-wise and across the grain or in dimonaion, after 
they are thoroughly dried, there is considerably more 
evidence of end shrinkage. In other words, a slack barrel 
stave of elm, say, 28 or 80 inches in length, after being 
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boiled might shrink as much in thoroughly drying-out 
as compared to its length when freshly cut, as a 12-foot 
elm board. 

It is in cutting veneer that this end shrinkage becomes 
most readily apparent. In trimming with scoring knives 
it is tlone to exact measure, and where stock is cut to fit 
some specific place there has been observed a shrinkage 
on some of the softer woods, like cottonwood, amounting 
to fully I of an inch in 30 inches. And at times where 
drying has been thorough the writer has noted a shrinkage 
of I of an inch on an ordinary elm cabbage-crate strip 
30 inches long, sawed from the log without boiling. 

There are really no fixed rules of measurement or al- 
lowance, however, because the same piece of wood may 
vary uiuler different conditions, and, again, the grain 
may cross a little or wind arouml the tree, and this of 
itnStdf has a decided effect on the amount of what is termed 
“en<l shrinkiM?e.” 

There is more checking in the wood of the broad-leaf 
(hardwocxl) trees than in that of the coniferous (softwood) 
tm's, more in sapwood than in hcartwood, and more in 
summer-w'ood than in spring-wood. 

Inasmuch lus under normal conditions of weather, water 
cvai>orates less rapidly tluring the early seasoning of 
winter, wood tluit is cut in the autumn and early winter 
is considered Uws subject to chocking tlian that which is 
cut in sprmg aiul summer. 

Uapi(i sejiHoning, except after wood has been thoroughly 
soako<l or steamed, almost invariably results in more or 
less serious checking. All hardwoods which check or 
warp batlly during the seasoning should be reduced to 
the smallest practicable siso before drying to avoid the 
injuries involved in this process, and wood once seasoned 
should never again be exposed to the weodher, since all injuries 
due to seasoning are thereby aggravated. 

Seasoning increases the strength of wood in every re- 
spect, and it is therefore of great importance to protect 
the wood against moisture. 
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Changes rendering Drying difficult 

An important property rentlering drying of wood pe- 
culiarly difficult is the changes \vhicl» occur in tlic hy- 
groscopic properties of the surface of a stick, anti the* rate 
at which it will allow luoisturt* to ptiss through it. If 
wood is dried rapidly the surface* soon mw»he‘s a c*t>neiition 
where the transfiision is greatly hindcrt‘d einel se>me*tinM*s 
appears almost to cease. Tlw nature of this action is 
not well understood anti it tliffers gre*atiy in tiifTt»rt*nt specie's. 
Bald cypress {Taxodium dinttichum) is an example* in which 
this property is particularly trouhle'some. 'I'he* elifliculty 
can be overcome by regulating the humieiity during the 
elrying operation. It is one of the factors entt*ring into 
production of wheit is calltul “cjuse'-harelcning" of w<H>d, 
where the surface of the picu'vt l>ecomt‘s hnrde*nf*d in a 
stretched or expanded eonelitiem, anti Kul>sc*<)U4*nt shrink- 
age of the interior cause's “hone'yt'omhing,” "h»>now- 
horning/' e)r ixitcrnal checking. The emti'r seirfa«*e* of 
the wood appears to untle*rge> a chemie'id change* in the 
nature of hydrolization or oxidization, whie'lt altt'rs the 
rate of absorption and evaporation in the* air. 

As the total amount of shrinkage varies with the rate 
at which the wood is drieil, it follows that the* oute'r sur- 
face of a rapidly dried board shrinks U'ss than the* inti'rior. 
This sets up an internal stress, which, if the* hoarei he 
afterward resawed into two thinner hoards hy slicing it 
through the middle, causes the two halvc's to ctjp with 
their convex surfaces outward. 'I’his effect may «»c<!ur 
even though the moisture distribution in thtf hoard has 
reached a uniform condition, and the Inuird is thoroughly 
dry before it is resawed. It is distinct from the w<*ll- 
known case-hardening” effect spoken of atmve, which 
is caused by unequal moisture conditions. 

The manner in which the water passes from the in- 
terior of a piece of wood to its surface has not as yet been 
fully deterimned, although it is one of the most important 
factors which influence drying. This must involve a 
transfusion of moisture throuc^ tiie odU walls, dnoe, as 
already mentioned, except f<w the open veese l s in the luurd- 
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woods, free rosin ducts in the softwoods, and possibly the 
intert^ellular spaces, the cells of green wood are enclosed 
by menibrancH and the water must pass through the walls 
or the ineinbranes of the pibs. Heat appears to increase 
this transfusion, but experimental data are lacking. 

It is evident that to dry wood properly a great many 
factors must be taken into consideration aside from the 
mere evaporation of moisture. 

Losses Due to Improper Kiln-chymg 

In some ease's there is practictilly no loss in drjdng, but 
more often it ranges from 1 to 3 per cent, and 7 to 10 per 
cent in refractory woo<ls such as gum. In exceptional 
instances the losses are as high tvs 33 per cent. 

In tvir-drying ther<% is little or no control over the proc- 
ess; it mjiy tak(^ place too rapidly on some days and too 
slowly on oth(*i*s, and it may be very non-uniform. 

H an! woods in large sizes almost invariably check. 

By proper kiln-<lrying the.so unfavorable circumstances 
may be eliminated. However, air-drying is unquestion- 
ably to b<i pn*ferr<ul to ba<l kiln-drying, and when there 
is any tloubt in the case it is generally safer to trust to 
air-<lrying. 

If the fundamenttvl i)rinciples are all taken care of, green 
lumber can be better dried in the dry kiln. 

Properties of Wood that afiect Drying 

It is clear, from the previous discussion of the structure 
of w<K)tl, that this property is of first importance among 
those influencing the seasoning of wood. The free water 
may usually be extracted quite readily from porous hard- 
woods. The presence of tyloses in white oak makes even 
this a difficult problem. On the other hand, its more 
complex structure usually renders the hygroscopic mois- 
ture quite difficult to extract. 

The lack of an open, porous structure renders the trax^ 
fusion of moteture through some woods very slow, while 
the reverse may be true of other species. The point of 
interest is that ail the different variations in structure 
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affect the drying rates of woods. The structure of tho 
gums suggests relatively easy seasoning. 

Shrinkage is a very important factor affecting the tlry- 
ing of woods. Generally spetiking, the greater the shrink- 
age the more difficult it is to dry wotsl. W<khI shrinks 
about twice as much tangentially us radially, thus intro- 
ducing very serious stresses which may causti loss in wocuis 
whose tot^ shrinkage is large. It has lK*en fouiul tliat 
the amount of shrinkage <loj>onds, to sotne extent, on the 
rate and temperature at which woods settson. liupi<l 
drying at high or low temperature results in slight shrink- 
age, while slow drying, especitUly at high tt»m|wratur«*, 
increases the shrinkage. 

As some woods must bo dried in one way and others in 
other ways, to obtain the best general results, this <‘fTc‘et 
may be for tho best in one case and the revei*si» iit othc'rs. 
As an example one might cite the ctwe of SoutlK^rn white 
oak. This species must be <irietl very slowly at h>w tf‘in- 
peratures in order to avoid the many evils to whieh it is 
heir. It is interesting to note that this method tends to 
increase the shrinkage, so that one might logi(*ally (ex- 
pect such treatment merely to aggravate tin* evils. Stieh 
is not the case, however, as too fast tlrying n*s«lts in other 
defects much worse than that of cxeessivtt shrinkagt*. 

Thus we see that tho shrinktvge of any givtnt speeies of 
wood depends to a great extent on the method of drying. 
Just how much the shrinkage of gum is affeeteti by tint 
temperature and drying rate is not ktiown at present. 
There is no doubt that tho metluxl of stnisoning affects 
the shrinkage of the gums, however. It is just possible 
that these woods may shrink lonidtudinally tnor<» than 
is normal, thus furnishdng another cause for their 
action under certain ciroumstanooH. It has I)een found 
that the properties of wood w;hioh affect the seasoning of 
the gums are, in the order of their importance: (1) The 
indeterminate and erratic grain; (2) tho uneven shrink- 
age with the resultant opposing stresses; (3) the plastioity 
under high temperature while moist; and (4) the slight 
apparent lack of cohesion between the fibres. The fiwt, 
second, and fourth properties axe <fiear!y detrinaeptsl. 
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while the third may possibly be an advantage in reducing 
checking and “ case-hardening.” 

The grain of the wood is a prominent factor also af- 
fecting the problem. It is this factor, coupled with uneven 
shrinkage, which is probably responsible, to a large extent, 
for the action of the gums in drying. The grain may be 
said to he more or loss indeterminate. It is usually spiral, 
and the spiral may reverse from year to year of the tree’s 
growth. When a l^oard in which this condition exists 
begins to shrink, the result is the development of opposing 
HtTOss<‘s, the effect of which is sometimes disastrous. The 
shrinkage arouiul the knots seems to be particularly un- 
even, so that checking at the knots is quite common. 

Some wotxls, such as Western red cedar, redwood, and 
eucalyptus, become very plastic when hot and moist. 
The result, of drying-out the free water at high tempera- 
ture may be to collapse the cells. The gums are known 
to be (piite soft and i)l:istic, if they are moist, at high 
tempt'ratun*, but they do not collapse so iax as we have 
btMMi able to <letermine. 

The c<‘lls of c<‘rtain specie's of wood appear to lack 
eoht'sion, espee'ially at the junction between the annual 
rings. As a r<*sidt, checks and ring shakes arc very com- 
mon in W<'stern larch and hemlock. The parenchyma 
cells of the m<*<lullary rays in oak do not cohere strongly 
uxwl <»fteu elw'ck open, especially when steamed too severely. 

Unsolved Problems in Kiln-drying 

1. Physical data of the properties of wood in relation 
to lieat arc meagre. 

2. Figm*es on the specific heat of wood are not readily 
available, though upon this rests not only the ex- 
act operation of heating coils for kUns, but the 
theory of kiln-drying os a whole. 

3. Great divergence is shown in the results of experi- 
ments in the oonduoti'vity of wood. It remains 
to be seen whether the known variation of con- 
ductivity with moisture content will reduce these 
resulte to unilormi^. 
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4. Tho maximum op highest, tempemture tt» which 
the (liffenmt spccicw of woo<l may Ik‘ exposed with- 
out serious loss of strength luis not yet lM*t*n <leter- 
minod. 

5. Tho optimum or uhs<»lute eorre(*t temperature for 
drying tho different spe<*ies of wtiod is us yet 
entirely unsettled. 

6. Tho inter-relation lM*tWf*en w<K>d and wat<‘r is as 
imperfectly known to dry-kiln operators as that 
between wood and hetit. 

7. What moisture comlitions obtain in a stick of air- 
dried wood? 

8. How is the moisture distinguished? 

9. What is its form? 

10. Wluit is the meaning of the pt'euliar surface ren- 
ditions which even in air-dried wood upp(‘ar to 
indicate incipient “cas<*-hnrdening”? 

11. The manner in which tlje water passes fr<»m the 
interior of a piece of wcmmI to its surface has not 
as yet been fully determimsl. 

These questions can Im answeretl thus fur only by specu- 
lation or, at best, on tho basis of in<*ompl<*te data. 

Until these problems are solv<‘<l, kilu-<irying must 
necessarily remain without the giudanci' of complete 
scientific theory. 

A correct understanding of the prtm^iph^s of drying Is 
rare, and opinions in regarcl t.o the subject are very (liverse. 
Tho same luck of knowledge exista in regard to dry kilns. 
The physical properties of the wtwal which complicate 
the drying operation and render it distinct fnmi that of 
merely evaporating free water from some substance like 
a piece of cloth must be studied exiwrimetitally. It can- 
not well be worked out theoretically. 
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HOW WOOD m SEASONED 

Methods of Drying 

« 

Tho choice of ti method of drying doponds largely upon 
the object in view. 'Fhe prineij)al objects may be grouped 
under three jnuin heads, as follows: 

1. To redu<*e shipping weight. 

2. To r(*<^uc(^ the (juantity necessary to carry in stock. 

3. 'I'o prepare tlu^ wood for its ultimate use and im- 

prove its (fualities. 

When wood will stimd the temperature without ex- 
ces.siv<‘ ch(*cking or undue shrinkage or loss in strength, 
tlu* first object is most readily attained by heating the 
wood abov<‘ the boiling jxnnt in a closed chamber, with 
a large circulation of air or vapor, so arranged that the 
ex(‘<*ss st(‘am i)roduced will escape. This process mani- 
f(*stly do(‘s not apply to many of the hardwoods, but is 
applicaldc* to many of the softwoods. It is used especially 
in th<* northw<*stern part of the United States, where 
Douglas fir boards one inch thick are dried in from 40 to 
05 hours, and sometimes in as short a time as 24 hours, 
in the latter case Hup(‘rheatod steam at 300 degrees Fah- 
K»nh(‘it was forcetl into the chamber but, of course, the 
lumber could not be heated thereby much above the boil- 
ing {K>int HO long as it contained any free water. 

This lumber, however, contained but 34 per cent moist- 
ure to start with, and the most rapid rate was 1.6 per cent 
loss per hour. 

The heat of evaporation may be supplied either by 
superheated steam or by steam pipes within the kiln 
itself* 

The q^oan^ty of wood it is necessary to carry in stock 
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is naturally reduced when cither of the otlicr two ohjecta 
is attained and, therefore, need not necoMHiirily be tii»- 
cussed. 

In drying to prepare for use and to improve <{uality, 
careful and scientific tirying is called f<»r. 'rhiH applten 
more particularly to the htirdwotHlH, although it may he 
required for softwoods also. 

Drying at Atmospheric Pressure 

Present practice of kiln-tirying varies tremen<lously 
and there is no uniformity or Htamiard njetljtxl. 

Temperatures vary anywhere from (>5 to 165 degr<*es 
Fahrenheit, or even higher, and inch l>oardH thm* to six 
months on the sticks arc being drie<l in from four days to 
three weeks, and three-inch material in from two t«» fivf! 
months. 

All methods in use at atmospheric pn*ssure »nay bt‘ 
classified under the following headings. 'I'lie kilns may 
be either progressive or compartment, and pn*liininary 
steaming may or may not be used with any one of thest* 
methods: 

1. Dry air heated. This is generally obsolete, 

2. Moist air. 

a. Ventilated. 

h. Forced draft. 

c. Condensing. 

d. Humidity regulated. 

e. Boiling. 

3. Superheated steam. 

Drying under Pressure and Vacuum 

Various methods of drying wood under pressures other 
than atmospheric have been tried. Only a brief mentitm 
of this subject will be made.- Where the apparatus is 
available probably the quickest way to dry woml is first 
to heat it in saturated steam at as high a temperature 
as t^he species can endure without serious ohemiofd change 
• until the heat has penetrated to the osKuter, then £<dlow 
this with a vacuum. 
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By this means the self-contained specific heat of the 
wood and the water is made available for the evaporation, 
and the drying takes place from the inside outwardly, 
just the reverse of that which occurs by drying by means 
of cxtenial heat. 

When i.he specimen has cooled this process is then to be 
repeated until it has dried down to fibre-saturation point. 
It cannot bo dried much below tliis point by this method, 
since the absorption during the heating operation will 
then eciual the evaporation during the cooling. It may 
he carri<ul furtlier, however, by heating in partially hu- 
midified air, ])roportioning the relative humidity each 
time it is heatetl to the degree of moisture present in the 
wood. 

The point, to bo considered in this operation is that 
<luring the heating process no evaporation shall be allowed 
to take place, but only during the cooling. In this way 
surfa<*e <lrying aiul “ cjuse-hardeniug ” are prevented since 
tiu* lu'at is from within and the moisture passes from the 
inside outwardly. However, with some species, notably 
oak, surface cracks sii)iiear as a network of fine checks 
along the medullary rays. 

In th(* first place, it should bo borne in mind that it is 
the luMit which pnxluces evaporation and not the air nor 
any mysterious property assigned to a “vacuum.” 

For <*very ixuind of water evaporated at ordinary tem- 
]x*ratur<‘s approximat.ely 1,000 British thermal units of 
heat are used up, or “become latent,” jis it is called. This 
is tru<^ whether the evaporation takes place in a vacuum 
or inuler a moderate air pressure. If this heat is not sup- 
jdied from an outside source it must be supplied by the 
water itself (or the material being dried), the temperature 
of which will consequently fall until the surrounding 
space becomes saturated with vapor at a pressure cor- 
responding to the temperature which the water has reached; 
evaporation will then cease. The pressure of the vapor 
in a space saturated with water vapor increases rapidly 
with increase of temperature. At a so-called vacuum of 
28 inches, which is about the limit in commercial opera- 
tions, and in reality signifies an actual pressure of 2 inches 
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of mercury column, the space will bo saturatodi witli vapor 
at 101 degrees Fahrenheit. C^onsotpiently, no evapora- 
tion will take place in such a vacuuin unlt»«H the water be 
warmer than 101 degrees Fahrenheit, provitletl there is 
no air leakage. The qualification in regard to air is necs 
essary, for the sake of exactness, for the following rejison : 
In any given space the total actual pressure is made* up 
of the combined pressures of all the gases pnwnt. If tlu‘ 
total pressure (“vacuum”) is 2 inches, and there is no air 
present, it is all produced by the water vapor (whi<‘h 
saturates the space at 101 tlegrees Faljrenh<‘it ) ; but if 
some air is present and the tottd pressure is still maintained 
at 2 inches, then there must be less vapor prt*sc*nt, sin<*(‘ 
the air is producing pfurt of the pressure and the spa<>e is 
no longer saturated at the given temperature, ('onse- 
quently further evaporation may occur, with a correspond- 
ing lowering of the temperature of the wat(‘r, until a balan(‘<> 
is again reached. Without furtlier explanation it is easy 
to see that but little water can be evaporatetl by a vacamin 
alone without addition of heat, ami that the pn*vah*nt 
idea that a vacuum can of its(‘lf pnxhice evaporation is 
a fallacy. If heat bo supplie<l to the wat<‘r, howt*ver, 
either by conduction or nuliation, evaporation will take 
place in direct proportion to the amount of heat stipplitMl, 
so long as the pressure is kept dt)wn by the va<'uum 
pump. 

At 30 inches of mercury pressure (one atmosphere) the 
space becomes saturated with vapor and etiuilibritun is 
established at 212 degrees Fahrenheit. If heat be now 
supplied to the water, however, ovai)oration will take 
place in proportion to the amount of heat mipplied, so 
long as the pressure remains that of one atmosphere, just 
as in the case of the vacuum. Evaporation in this con- 
dition, where the vapor pressure at the temperature of 
the water is equal to the gas pressure on the water, 
is commonly called “boiling,” and the saturated vapor 
entirely displaces the air under oontinuoiui operation. 
Whenever the space is not saturated with vapor, whether 
^ is present or not, evaporation will take place, by boil- 
ing if no air be present or by diffusion under the preeenee 
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of air, until an eqxiilibrium between temperature and 
vapor pressure is resumed. 

Relative humidity is simply the ratio of the actual vapor 
pressure present in a given space to the vapor pressure 
when the space is saturated with vapor at the given tem- 
perature. It matters not whether air be present or not. 
One hundred per cent humidity means that the space 
contains all the vapor which it can hold at the given 
temperature — it is satmated. Thus at 100 per cent 
humidity and 212 degrees Fahrenheit the space is satu- 
rated, and since the pressure of satmated vapor at t.hia 
temperature is one atmosphere, no air can be present 
under these conditions. If, however, the total pressme 
at this temperature were 20 pounds (5 pounds gauge), 
then it would mean that there was 6 pounds air pressure 
present in addition to the vapor, yet the space would still 
l)e saturated at the given temperature. Again, if the 
temperature were 101 degrees Fahrenheit, the pressure 
of saturated vapor would be only 1 pound, and the ad- 
<litional jiressure of 14 pounds, if the total pressure were 
at.mosi>heric, would bo made up of air. In order to have 
no air i)resent and the space still saturated at 101 degrees 
Fahrenheit, the total pressure must be reduced to 1 pound 
by a vacuum ]>ump. Fifty per cent relative humidity, 
th<*refore, signifies that only half the amount of vapor 
r(‘<iuired to saturate the space at the given temperature 
is pn’iseni.. Thus at 212 degrees Falironhcit temperature 
thci vai)or pressure woukl only bo TJ pounds (vacuum of 
15 inclnw gauge). If the tohil pressure wore atmospheric, 
then the additional 7a pounds would be simply air. 

“Live Htc 4 im” is simply water-saturated vapor at a 
I)reHKuro usually above atmospheric. We may just as 
truly have live steam at pressures less than atmospheric, 
at a vacuum of 28 inches for instance. Only in the latter 
case its temperature would be lower, viz., 101 degrees 
Fahrenheit. 

Buperheated steam is nothing more than water vapor 
at a relative humidity less than saturation, but is usually 
considered at pressures above atmospheric, and in the 
absence of air. The atmosphere at, say, 60 per cent rela- 
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tive humidity really contains superheated steam or va|>or, 
the only difference being that it is at a lower temperature 
and pressure than we are accustomed to think of in sp<*ak- 
ing of superheated steam, and it htis air mixed with it to 
make up the deficiency in pressiuxj below the atmosplu'n*. 

Two things should now be chuir; that c^vaporution is 
produced by heat and that the pr('sen<*e or abs<‘nee of air 
does not infiuence the amount of evaporation. It does, 
however, inflxienco the rate of evapt»ration, whi<*h is rt*- 
tarded by the prosonco of tiir. The main things inthume- 
ing evaporation are, first, the (piantity of h(*at Huppli(>d 
and, second, the relative humidity of the immt^diatc^ly 
surrounding space. 

Drying by Superheated Steam 

What this term really signifies is simply wal<*r vapor 
in the absence of air in a condition of less than saturation. 
Kilns of this type are, properly spiMiking, vapor kilns, 
and usually operate at atmospheric pressure, hut. may he 
used at greater pressures or at less pressur(‘s. As stated 
before, the vapor present in the air at any humi<ltty l(*ss 
than saturation is really “siiperhcjited steam,” only at a 
lower pressure than is ordinarily understcKsl hy this term, 
and mixed with air. The main arg\iment in favor of this 
process seems to be based on the i<lea that. st(*am is moist 
heat. This is true, however, only when tint steam is iu*ar 
saturation. When it is superheated it is just, as tlry ivs 
air containing the same relative humidity. For instance, 
steam at atmospheric pressure and heated to 24H dpgr<*e8 
Fahrenheit has a relative humidity of only 50 per cent ami 
is just as dry as air containing the same humidity. If 
heated to 306 degrees Fahrenheit, its relative humi<iity 
is reduced to 20 per cent; that is to say, the ratio t>f its 
actual vapor pressure (one atmosphere) to the prossuro 
of saturated vapor at this temperature (five atmoRpheres) 
is 1:6, or 20 per cent. Superheated vapor in the absence 
of air, however, parts with its heat with great rapioUty 
and finally becomes saturated when it has lost all of its 
ability to cause evaporation. In this respeot it is more 
moist than air when it boxoss in ooataot with bodies which 
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are at a lower temperature. When saturated steam is 
used to heat the lumber it can raise the temperature of 
the latter to its own temperature, but cannot produce 
evaporation unless, indeed, the pressure is varied. Only 
by the heat supplied above the temperature of saturation 
can evaporation be produced. 

Impregnation Methods 

Methods of partially overcoming the shrinkage by im- 
pregnation of the cell walls with organic materials closely 
allied to the wood substance itself ai’e in use. In one of 
these which has been patented, sugar is used as the im- 
pregnating material, wliich is subsequently hardened or 
‘ ‘ caramelized ” by heating. Experiments which the United 
States Fon^st Service has made substantiate the claims 
tluit t.h<5 sugar does greatly reduce the shrinkage of the 
wood; but the use of imirrcgnation processes is determined 
rather from a financial economic standpoint than by the 
physical result obtainctl. 

.Another jrrocess consists in passing a current of elec- 
tri<‘ity through the wet boards or tlirough the green logs 
before sawing. It. is sairl that the ligno cellulose and the 
sap are thus transformed by electrolysis, and that the 
wood subse(iuently dries more rapidly. 

Preliminary Treatments 

In many dry kiln operations, especially where the kilns 
are not. th^signetl for treatnvonts with very moist air, the 
wood is allowetl t.o air-scjison from several months to a 
y<*ar or more before running it into the dry kiln. In this 
way the surface dries below its fibre-satxiration point and 
l>ecomes hardened or “sot” and the subsequent shrink- 
age is not so groat. Moreover, there is loss danger of 
Hurfiice checking in the kiln, since the surface has already 
passc<l the danger point. Many woods, however, check 
severely in mr-drying or case-harden in the air. It is 
thought that such woods can be satisfactorily handled in 
a humidity-regulated kiln direct from the saw. 

Preliminary steaming is frequently used to moisten the 
surface if case-hardened, and to heat the lumber through 
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to the center before drying begins. This is Homotimes 
done in a separate chamber, but more often in a com- 
partment of the kiln itself, partitioned off by ineaim of a 
curtain which can be raised or lowered as circumstances 
require. This steaming is usually conductc'tl at atmos- 
pheric pressure and frequently condensed steam is used 
at temperatures far below 212 degrees Fahn*nheit. In 
a humi^ty-regulatod kiln this preliminary treatnu*nt may 
be omitted, since nearly saturated coiniitions (*an be 
maintained and graduated as the drying progress<*s. 

Recently the process of steamiixg at prc'ssures up tt» 
20 pounds gauge in a cylinder for short peri(«ls of time, 
varying from 6 to 20 minutes, is being a<lvocated in the 
United States. The truck load is run into the (iyliiuler, 
steamed, and then taken directly out into the air. It 
may subsequently be placed in the dry kiln if furtlu'r tlry- 
ing is desired. The self-contained heat of the wt>od c'vapo- 
rates considerable moisture, and the suddcni drying of 
the boards causes the shrinkage to be nsluced slightly 
in some cases. Such short periods of steaming undc>r 
20 pounds pressure do not appear to injure th(‘ wo<h1 
mechanically, although they do darken tin* <n>lor appn'ci- 
ably, especially of the sapwood of the sp<‘tu(*s having a 
light-colored sap, as black walnut {J uylnns niyra) and 
red gum {I/iguidamber styracijlua). I^)nger periods of 
steaming have been found to weaken the woo«l. 'I’here 
is a great difference in the effect on difTcnmt species, 
however. 

Soaking wood for a long time before <lrying has been 
practised, but experiments indicate that no particularly 
beneficial results, from the drying standpoiiit, are attained 
thweby. In fact, in some species containing sugars and 
allied substances it is probably detrimental from the 
shrinkage standpoint. If soaked in boiling water some 
species shrink and warp more than if dried without this 
treatment. 

In general, it imy be said that, except possibly for 
short-period steaming as described above, steaming and 
soaking hardwoods at temperatures of 212 degrees Fahren- 
heit or over should be avoided if posable. 
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It is the old saying that wood put into water shortly 
after it is felled, and left in water for a year or more, will 
be perfectly seasoned after a short subsequent exposure 
to the air. For this reason rivermen maintain that 
timber is made better by rafting. Herzenstein says; 
“Floating the timber down rivers helps to wash out the 
sap, and hence must be considered as favorable to its 
preservation, the more so as it enables it to absorb more 
preservative.” 

Wood which has been buried in swamps is eagerly 
sought after by carpenters and joiners, because it has 
lost all tendency to warp and twist. When first taken 
from the swamp the long-immersed logs are very much 
heavier than water, but they dry with great rapidity. 
A cypress log from the Mississippi Delta, which two men 
could barely handle at the time it was taken out some 
yeai*s ago, has dried out so much since then that to-day 
one Ilian can lift it with ease. White cedar telegraph 
poles are said to remain floating in the water of the Great 
Lakes sometimes for several years before they are set in 
lines and to last better than freshly cut poles. 

It is very probable that immersion for long periods in 
water docs materially hasten subsequent seasoning. The 
tannins, rosins, albuminous materials, etc., which are 
deposited in the cell walls of the fibres of green wood, and 
which prevent rapid evaporation of the water, undergo 
changes when under water, probably due to the action of 
bacteria which live without air, and in the course of time 
many of these substances are leached out of the wood. 
The cells thereby become more and more permeable to 
water, and when the wood is finally brought into the air 
the water escapes very rapidly and very evenly. Her- 
zenstein’s statement that wood prepared by immersion 
and subsequent drying will absorb more preservative, 
and that with greater rapidity, is certainly borne out by 
experience in the United States. 

It is sometimes claimed that all seasoning preparatory 
to treatment with a substance like tar oil might be done 
away with by putting the green wood into a cylinder with 
the oil and heating to 225 degrees Fahrenheit^ thus drivii^ 
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the water off in the form of Btcain, after wliich the tar oil 
would readily penetrate into the w<K>d. Thin is the basis 
of the so-called “Curtiss process” of timber treatm(*nt. 
Without going into any discussion of this method of 
creosoting, it may be said that the stime t>bje<dion made 
for steaming holds here. In order t<) get a temp<‘ratun^ of 
212 degrees Fahrenheit in the center of the t reat(*<l wood, 
the outside temperature woultl have to be raised s<> high 
that the strength of the w<x>d might be s<^riously injurtxl. 

A company on the Pacific coast which treats rtnl fir piling 
asserts that it avoids this <ianger by leaving th(^ grc*<*n 
timber in the tar oil at a temperature which nevt*r exc<*e(is 
225 degrees Fahrenheit for from five to twelve hours, until 
there is no further evidence of water vapor (doming out of 
the wood. The tar oil is then run out, anti a vacuum is 
created for about an hour, after which tlu< t>il is run itt 
again and is kept in the cylinders under 100 pounds pres- 
sme for from ten to twelve houm, until the retpurtHl amount 
of absorption has been reached (about 12 i)ounds ]>t'r 
cubic foot). 

Out-of-door Seasoning 

The most effective seasoning is without tloubt. that, 
obtained by the xmiform, alow drying which takes plact* 
in properly constructed piles outtloors, iuui<‘r (*xposun^ 
to the winds and the sun. I^umbor luis always be<*n 
seasoned in this way, which is still the best for ortlinary 
purposes. 

It is probable for the sake of economy, air-drying will 
be eliminated in the drying process of the future without 
loss to the quality of the product, but as yet no ofFectivo 
method has been discovered whereby this may bo ac- 
complished, because nature performs certain functions 
in air-drying that cannot be duplicated by artificial moans. 
Because of this, hardwoods, as a rule, cannot bo success- 
fully kiln-dried green or direct from the saw, and must 
receive a certain amount of preliminary air-drying before 
being placed in a dry kiln. 

The present methods of lur-seasoning in use have been 
determined by long experience, and are probably aa good 
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as they could be made for present conditions. But the 
same care has not up to this time been given to the season- 
ing of such timber as ties, bridge material, posts, telegraph 
and telephone poles, etc. These have sometimes been 
piled more or less intelligently, but in the majority of 
cosCaS their value has been too low to make it seem worth 
wliilo to pile with reference to anything beyond con- 
venience in handling. 

In piling material for air-seasoning, one should utilize 
high, dry ground when possible, and see that the founda- 
tions are high enough off the ground, so that there is 
proper air circulation through the bottom of the piles, 
and also that the piles are far enough apart so that the 
air may circulate freely through and around them. 

It is air circulation that is desired in all cases of drying, 
both in tlry kilns and out-of-doors, and not sunshine; that 
is, not the sun shining directly upon the material. The 
ends also should be protected from the sun, and every- 
thing possible done to induce a free circulation of air, and 
to keep the foundations free from all plant growth. 

Naturally, the heavier the material to be dried, the more 
difficulty is experienced from checking, which has its most 
active time in the spring when the sap is rising. In fact 
the main period of danger in material checking comes 
with the ]\Iarch winds and the April showers, and not 
infreciuently in the South it occurs earlier than that. In 
other words, as soon as the sap begins to rise, the timber 
shows signs of chocking, and that is the time to take extra 
precautions by careful piling and protection from the sun. 
When the hot das^s of summer arrive the tendency to 
check is not so bad, but stock will sour from the heat, 
stain from the sap, mildew from moisture, and faU a prey 
to wood-destroying insects. 

It has been proven in a general way that wood will 
season more slowly in winter than in summer, and also 
tl^t the water content during various months varies. In 
the spring the drying-out of wood out in October and 
November will take place more rapidly. 
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KlLN-miYimi OF WOOD 

Advantages of Kiln-drying over Air-drying 

Some of the advantages of kiln-drying t<» s<*curcd 
over air-drying in addition to reducing the shipping weight 
and lessening quantity of stock arc the following: 

1. Less material lost. 

2. Better quality of product. 

3. Prevention of sap stain and mould. 

4. Fixation of gums and resins. 

6. Reduction of hygroscopicity. 

This reduction in the tendency to take tip moist un* 
means a reduction in the “working” of the mat(*riul which, 
even though slight, is of importance. 

The problem of drying wood in the host manner divitles 
itself into two distinct parts, one of wliich is entirely con- 
cerned with the behavior of the wood itself and the physi- 
cal phenomena involved, while the other part has to tlo 
with the control of tho (Irying process. 

Physical Conditions governing the Drying of Wood 

1. Wood is soft and plastic while hot and moist, and 

becomes “set” in whatever shape it dries. Some 
species are much more plastic than otliers. 

2. Wood substance begins to slirink only when it dries 

below the fibre-saturation point, at whicli it con- 
tains from 26 to 30 per cent moisture based on 
its dry weight. Eucalyptus and certain other siHscioa 
appear to be exceptions to this law. 

3. The shrinkage of wood is about twice as great cir- 

cumferentially as in the radial direction; length- 
wise, it is very slight. 

4. Wood shrinks most when subjected, while kept 

moist, to riow drying at high temperatures* 
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5. Rapid dr 3 dng produces less shrinkage than slow dry- 

ing at high temperatures, but is apt to cause case- 
hardening and honeycombing, especially in dense 
woods. 

6. Case-hardening, honeycombing, and cupping result 

directly from conditions 1, 4, and 5, and chemical 
changes of the outer surface. 

7. Brittleness is caused by carrying the drying process 

too far, or by using too high temperatures. Safe 
limits of treatment vary greatly for different species. 

8. Wood absorbs or loses moisture in proportion to the 

relative humidity in the air, not according to the 
temperature. This property is called its “hygro- 
scopicity.” 

9. Hygroscopicity and “working” are reduced but 

not eliminated by thorough drying. 

10. Moisture tends to transfuse from the hot towards 
the cold portion of the wood. 

11. Collapse of the cells may occur in some species 
while the wood is hot and plastic. This collapse 
is independent of subsequent shrinkage. 

Theory of Kiln-drying 

The dry kiln has long since acquired particular ap- 
preciation at the hands of those who have witnessed its 
t ime-saving qualities, when practically applied to the dry- 
ing of timber. The science of drying is itself of the simplest, 
the exposure to the air being, indeed, the only means 
needed where the matter of time is not called into question. 
Otherwise, where hours, even minutes, have a marked 
significance, then other means must be introduced to 
bring about the desired effect. In any event, however, 
the same simple and natural remedy pertains, — the 
absorption of moist\ire. This moisture in green timber 
is known as “sap”, which is itself composed of a number 
of ingredients, most important among which are water, 
resin, and albumen. 

All dry kUns in existence use heat to season timber; 
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that is, to drive out that portion of the “sap” which is 
volatile. 

The heat does not drive out the resin of the pines nor 
the albumen of the hardwoods. It is really of no ad- 
vantage in this respect. Resin in its hardened state as 
produced by heat is only slowly soluble in watt'r an<l 
contains a large propt>rtion of carbon, the most stabh^ 
form of matter. Therefore, its retention in the por(‘s of 
the wood is a positive advanttige. 

To produce the ideal eflFcct the drying must comm(*nce 
at the heart of the piece and work outward, tin's moist urt* 
being removed from the surface as bust as it. <*xu<h*s from 
the pores of the wood. To successfully accomplish this, 
adjustments must be available to regulat<*, thci tt‘mp(*ra- 
ture, circulation, and humidity according to the varia- 
tions of the atmospheric conditions, the kind and condition 
of the material to be dried. 

This ideal effect is only attained by the use* of a typi* 
of dry kiln in which the surface of the lumber is k(‘pt soft, 
the pores being left open until all the moisture witliin has 
been volatilized by the heat anti carried off by a frtn* t'irtm- 
lation of air. When the moisture has been removtai from 
the pores, the surface is dried without closing the port's, 
resulting in timber that is clean, soft, bright, sintight, ami 
absolutely free from stains, checks, t)r other impt*rft*ct ions. 

Now, no matter how the mothoti t>f tlrying may be 
applied, it must be rememborctl that vapt>r exists in the 
atmosphere at all times, its volume being regulatt'd by 
the capacity of the temperature absorbed. To kiln-dry 
properly, a free current of air must bo maintained, of 
sufficient volume to carry off this moisture. Now, the 
capacity of this air for drying depends entirely upon tiie 
ability of its temperature to absorb or carry off a larger 
proportion of moisture than that apportioned by natural 
means. Thus, it mU be seen, a cubic foot of air at 32 
degrees Fahrenheit is capable of absorbing only two grains 
of water, while at 160 degrees, it will dispose of ninety 
grains. The air, therefore, should be as dry as 

possible and caused to move freely, so as to remove all 
moisture from the surface of the wood ss soon as it appears* 
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Thus the heat effects a double purpose, not only increas- 
ing the rate of evaporation, but also the capacity of the 
air for absorption. Where these means are applied, which 
rely on the heat alone to accomplish this purpose, only that 
of the moisture which is volatile succumbs, while the al- 
bumen and resin becoming hardened under the treatment 
close up the pores of the wood. This latter result is 
oft-times accomplished while moisture yet remains and 
which in an enforced effort to escape bursts open the cells 
in which it has been confined and creates what is known 
as “checks.” 

Therefore, taking the above facts into consideration, 
the essentials for the successful kiln-drying of wood may 
be enumerated as follows: 

1. The evaporation from the surface of a stick should 

not exceed the rate at which the moisture trans- 
fuses from the interior to the surface. 

2. Drying should proceed uniformly at all points, 

otherwise extra stresses are set up in the wood, 
causing warping, etc. 

3. Heat should penetrate to the interior of the piece 

before drying begins. 

4. The humidity should be suited to the condition 

of the wood at the start and reduced in the proper 
ratio as drying progresses. With wet or green 
wood it should usually be held uniform at a degree 
which will prevent the surface from drying below 
its saturation point until all the free water has 
evaporated, then gradually reduced to remove the 
hygroscopic moisture. 

5. The temperature should be uniform and as high 

€U3 the species imder treatment will stand without 
excessive shrinkage, collapse, or checking. 

6. Hate of drying should be controlled by the amount 

of humidity in the air and not by the rate of circu- 
lation, which should be made ample at aU times. 

7. In drying refractory hardwoods, such as oak, best 

results are obtained at a comparatively low tempera- 
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ture. In more easily dried hardwotKls, such as 
maple, and some of the more difiknilt softwoods, 
as cypress, the process nuiy l)o hastened by a higher 
temperature but not above the boiling point. In 
many of the softwoods, the rate of <lrying may bo 
very greatly increased by heating above the boil- 
ing point with a large circulation of vtipor at at- 
mospheric pressure. 

8. Unequal shrinkage between the exterior and in- 

terior portions of the wtKxl and also une(iual chemical 
changes must be guarded against by temperatures 
and humidities suitetl t<) the species in <iuestion 
to prevent subsequent cupping and warping. 

9. The degree of dryness attained shouUl conform 

to the use to which the wood is put. 

10. Proper piling of the material and weighting to pre- 
vent warping are of great importaiuic. 

Requirements in a Satisfactory Dry Kiln 

The requirements in a satisfactory dry kiln are: 

1. Control of humidity at all times. 

2. Ample air circulation at all points. 

3. Uniform and proper temperatures. 

In order to meet these requirements the ITnite<l States 
Forestry Service has designed a kiln in which the humi<lity, 
temperature, and circulation can bo eontrolhal at all times. 

Briefly, it consists of a drying chamber with a partition 
on either side, making two narrow side chambers open 
top and bottom. 

The steam pipes are in the usual position underneath 
the material to be dried. 

At the top of the side chambers is a spray; at the bottom 
are gutters and an eliminator or set of baffle plates to 
separate the fine mist from the air. 

The spray accomplishes two things: It induces an in- 
creased circulation and it regulates the humidity. This is 
done by regulating the temperature of the spray water. 

The air under the heating coil is saturated at whatever 
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temperature is required. This temperature is the dew 
point of the air after it passes up into the drying chamber 
above the coils. Knowing the temperature in the drying 
room and the dew point, the relative humidity is thus 
determined. 

The relative humidity is simply the ratio of the vapor 
pressure at the dew point to the pressure of saturated 
vapor (see Fig. 30). 



Fig. 30. Section through United Staten Forestry Service Humidity- 
controlled Dry ISLiln. 


Theory and Description of the Forestry Service Kiln 

The humidities and temperatures in the piles of lumber 
are largely dependent upon the circulation of air within 
the kiln. The temperature and humidity within the .kiln, 
taken alone, are no criterion of the conditions of drying 
within the pile of lumbw if the circulation in any portion 
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is deficient. It is possible to hiive an extremely rapitl cir- 
culation of air within the tlry kiln itself and yet have 
stagnation within the in<Uvidual piles, the air passing 
chiefly through open spaces aiui channels. \\’hert‘ver 
stagnation exists or the movement of air is loo sluggish 
tite temperature will drop and the humi<Iity imTt*as<‘, 
perhaps to the point of saturation. 

When in large kilns the forced circulation is in the op- 
posite direction from that in<iuce<l by the cooling of the 
air by the lumber, there is always more or less unct*rtainty 
as to the movement of the air through tin* pil<*s. Mv{*n 
with the boards placed edge-wise, with stick<*rs running 
vertically, and with the heating pipes beneath the lumb<‘r, 
it was found that although the air passtui upward through 
most of the spaces it was actually <lcsccntling through 
others, so that very unequal <lrying result (*<1. While 
edge piling would at first thought seem id(*al for tin* frt*t‘st 
circulation in an ordinary kiln with steam pip(*s below, it. 
in fact produces an indeterminate condition; air columns 
may pass downward through some channels Jis wt‘ll ns tip- 
ward through others, and probably stagnate in still t)tln*rs. 
Nevertheless, edge piling is greatly sup(*rior to flat, piling 
where the heating system is below the himber. 

From experiments and from study of conditions in 
commercial Idlns the idea was <levelop<‘d of so arranging 
the parts of the kiln and the pile of lumber that advantage 
might be taken of this cooling of the air t.o assist, tlu* circu- 
lation. That this can be rea<lily accomplished without 
doing away with the present features of regulation of 
humidity by means of a spray of water is clear from Fig. 
30, which shows a cross-section of the improvetl humitiity- 
regulated dry kiln. 

In the form shown in the sketch a chamber or flue B 
runs through the center near the bottom. This flue is 
only about 6 or 7 feet in height and, together with the 
water spray F and the baffle plates DD, constitutes the 
humidity-control feature of the kiln. This control of 
humidity is affected by the temperature of the water 
iMed in the spray. This spray completely saturates the 
air in the flue B at whatever predetermined temperature 
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is required. The baffle plates DD are to separate all 
entrained particles of water from the air, so that it is de- 
livered to the heaters in a saturated condition at the re- 
quired temperature. This temperature is, therefore, the 
dew point of the air when heated above, and the method 
of humidity control may therefore be called the dew-point 
method. It is a very simple matter by means of the hu- 
midity diagram (see Fig. 93), or by a hydrodeik (Fig. 94), 
to determine what dew-point temperature is needed for 
any desired humidity above the heaters. 

Besides regulating the humidity the spray F also acts as 
an ejector and forces circulation of air through the flue B. 
The heating system H is concentrated near the outer 
walls, so as to heat the rising column of air. The tempera- 
ture within the drying chamber is controlled by means 
of any suitable thermostat, actuating a valve on the main 
steam line. The lumber is piled in such a way that the 
stickers slope downward toward the sides of the kiln. 

M is an auxiliary steam spray pointing downward for 
use at very high temperatures. C is a gutter to catch 
the precipitation and conduct it back to the pump, the 
water being recirculated through the sprays. G is a pipe 
condenser h)r use toward the end of the drying operation. 
K is a baffle plate for diverting the heated air and at the 
same time shielding the under layers of boards from direct 
radiation of the steam pipes. 

The oijcration of the kiln is simple. The heated air 
rises above the pipes HH and between the piles of lumber. 
As it comes in contact with the piles, portions of it are 
cooled and pass downward and outward through the layers 
of boards into the space between the condensers GG. 
Here the column of cooled air descends into the spray flue 
B, where its velocity is increased by the force of the water 
spray. It then passes out from the baffle plates to the 
heaters and repeats the cycle. 

One of the greatest advantages of this natural circula- 
tion method is that the colder the lumber when placed in 
the kiln the greater is the movement produced, under the 
very conditions which call for the greatest circulation — 
jtist the opposite of the direct-circulation method. This 
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is a feature of the greatest importance in winter, when the 
lumber is put into the kiln in a frozen condition. One 
truckload of lumber at GO per cent moisture may easily 
contain over 7,000 pounds of ice. 

In the matter of circulation the kiln is, in fact, sehlom 
regulatory — the colder the luml)er the greater tlu^ cirtni- 
lation produced, with the effect incroiisod tt>wimi the coolt»r 
and wetter portions of the pile. 

Preliminary steaming may bo used in conncwtit>n with 
this kiln, but experiments indicate that ordinarily it is 
not desirable, since the high humidity which can he secured 
gives as good results, and being at as low a temperature 
as desired, much better results in the case of <?<*rtain dif- 
ficult woods like oak, eucalyptus, etc., are obtaiiuHl. 

This kiln has another advantage in that its operation 
is entirely independent of outdoor atmospheri<< (conditions, 
except that barometric pressure will effect it slightly. 


KILN-DRYIN(} 

Remarks 

Drying is an essential part of the preparation of wood 
for manufacture. For a long time the only drying proe(*ss 
used or known was air-drying, or the exposure of wotxl to 
the gradual drying influences of the open air, and is what 
has now been termed “preliminary seasoning.” This 
method is without doubt the most successful and (‘fTectivo 
seasoning, becaxise nature performs certain functions in 
air-drying that cannot be duplicated by tvrtificial means. 
Because of this, hardwoods, as a rule, cannot bo simcesw- 
ftiUy kiln-dried green or direct from the saw. 

Within recent years, considerable interest is awaken- 
ing among wood users in the operation of kiln-drying. 
The losses occasioned in air-drying and in improper kiln- 
dr:^ng, and the necessity for getting material dry as 
quickly as possible from the saw, for shippix^ purposes 
and also for manufacturirg, are brin^^bog about a re^sa- 
tion of the importance of a technical Imowledige of the 
subject. 



KILN-DRYING OF WOOD 165 

Til© I0RS6S which, occur in air-<ir3n[ng wood, through 
checking, warping, staining, and rotting, are often greater 
than one would suppose. While correct statistics of this 
natxire are difficult to obtain, some idea may be had of 
the amount of degrading of the better class of lumber. 
In the case of one species of soft wood. Western larch, it 
is commonly admitted that the best grades fall off sixty 
to seventy per cent in air-drying, and it is probable that 
the same is true in the case of Southern swamp oaks. In 
Western yellow pine, the loss is great, and in the Southern 
red gum, it is probably as much as thirty per cent. It 
may bo said that in all species there is some loss in air- 
drying, but in some easily dried species such as spruce, 
hemlock, maple, etc., it is not so great. 

It wmild hardly bo correct to state at the present time 
that this loss could be entirely prevented by proper methods 
of kiln-drying the green lumber, but it is safe to say that 
it can be greatly reduced. 

It is well whore stock is kiln-dried direct from the saw 
or knife, after having first been steamed or boiled — as 
in the cjiso of veneers, etc., — to get them into the kiln 
while they are still warm, as they are then in good con- 
dition for kiln-<lrying, as the fibres of the wood are soft 
and the pores well opened, which will allow of forcing 
the evaporation of moisture without much damage being 
done to the material. 

With softwotxls it is a common practice to kiln-dry 
direct from the saw. This procedure, however, is ill 
twlapted for the hardwoods, in which it would produce 
such warping and checking as would greatly reduce the 
value of the product. Therefore, hardwoods, as a rule, 
are more or less thoroughly air-dried before being placed 
in the dry kiln, where the residue of moisture may be 
reduced to within three or four per cent, which is much 
lower than is possible by air-drying only. 

It is probable that for the sake of economy, air-dr3n,ng 
will be eliminated in the drying processes of the future with- 
out loss to the quality of the product, but as yet no method 
has been discovered whereby this may be accomplished. 

The dry kiln has be^ ^d probably still is, one of the 
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most troublesome factors arising from the dovelopinont 
of the timber industry. In the earlier days, before power 
machinery for the working-up of tiuilwr pwwlucts came 
into general use, dry kilns were unheanl-of, air-drying 
or seasoning was then relied txpon solely to furnish the 
craftsman with dry stock from which to ninnuftudure his 
product. Even after machinery htwl made rapid and 
startling strides on its way to ixerfection, tlie dry kiln rtv 
mained practically an unknown (piantity, but gra<iually, 
as the industry developed and demand for <lry material 
increased, the necessity for some more rapid and positive 
method of seasoning became apparent, and the sui>j('et of 
artificial drying began to receive the serious attention of 
the more progressive and energetic ixiieml>ers of the (?raft. 

Kiln-drying which is an artificial methtxl, originated 
in the effort to improve or shorten thc» process, by sub- 
jecting the wood to a high temporaturo or to a draxight of 
heated air in a confined space or kiln. In so doing, time 
is saved and a certain degree of control over the tlrying 
operation is secured. 

The first efforts ixi the way of artificial tlrying wt'rt^ con- 
fined to aiding or hastening nature in the seasoning pro(‘(‘ss 
by exposing the material to the tliroct heat from fir<‘s built 
in pits, over which the lumber was piled in a way to ex- 
pose it to the heat rays of the fire^ below. 'This, of cour.se, 
was a piHimitive, hazartlous, and vex*y xmsatisfactory 
method, to say the least, but it marketl the first. stt*p in 
the evolution of the present-day <lry kihi, and in that 
particxxlar only is it deserving of mention. 

Underlying Principles 

In addition to marking the fixut step in artificial drying, 
it illustrated also, in the simplest manxxer possible, the 
three underlymg principles goverxiing all drying problems: 
(1) The application of heat to evaporate or volatilize the 
water contained in the material; (2) with suffioicxxt air 
in circulation to carry away in suspension the vapor thus 
liberated; and (3) with a certain amount of humidity 
present to prevent the stirfaoe from dirying too rapidly 
while the heat is allowed to penetrate to the interior. The 
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last performs two distinct functions: (a) It makes the 
wood more permeable to the passage of the moisture 
from the interior of the wood to the surface, and (b) it 
supplies the latent heat necessary to evaporate the mois- 
ture after it reaches the surface. The air circxilation 
is important in removing the moisture after it has 
been evaporated by the heat, and ventilation also 
serves the purpose of bringing the heat in contact with 
the wood. If, however, plain, dry heat is applied to the 
wood, the surface will become entirely dry before the in- 
terior moisture is even heated, let alone removed. This 
condition causes “case-hardening” or “hollow-homing.” 
8o it is very essential that suj0&cient humidity be main- 
tained to prevent the surface from dxsdng too rapidly, 
wliile the heat is allowed to penetrate to the interior. 

This humidity or moisture is originated by the evapora- 
tion from the drying wood, or by the admission of steam 
into the dry kiln by the use of steam spray pipes, and is 
absolutely necessary in the process of hastening the dry- 
ing of wood. With green lumber it keeps the sap near 
the surface of the piece in a condition that allows the 
escape of the moisture from its interior; or, in other words, 
it prevents the outside from drying first, which would 
close the pores and cause case-hardening. 

The great amount of latent heat necessary to evaporate 
the water after it has reached the surface is shown by the 
fact that the evaporation of only one pound of water will 
extract approximately 66 degrees from 1,000 cubic feet 
of air, allowing the air to drop in temperature from 154 to 
84 degrees Fahrenheit. In addition to this amount of heat, 
the wood and the water must also be raised to the tempera- 
ture at which the drying is to be accomplished. 

It matters not what type of dry kiln is xised, somce or 
application of heating medium, these underl 3 dng principles 
remain the same, and must be the first things considered 
in the design or selection of the equipment necessary for 
producing the three essentials of drying: Heat, humidity, 
and circulation. 

Although these principles constitute the basis ^ of all 
drying problems and must, . therefore, be continually 
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caxried in mind in the consideration of them, it is equally 
necessary to have a comprehensive understanding of the 
characteristics of the materials to be tlrictl, anti its action 
during the drying process. All failures in the past, in 
the drying of timber products, can bo directly attributed 
to either the kiln designer’s neglect of these things, or his 
failure to carry them fully in mind in the consideration 
of his problems. 

Wood has characteristics very much different from those 
of othOT materials, and what little knowletlge wo have 
of it and its properties has been taken from the accumu- 
lated records of experience. The retwon for this imperfect 
knowledge lies in the fact that wood is not a homogeneous 
material like the metals, but a complicatetl striuiture, anti 
so variable that one stick will behave in a manner widely 
different from that of another, although it may have been 
cut from the same tree. 

The great variety of woods often makes the mere <lis- 
tinction of the kind or species of the tree most diflitnilt. 
It is not uncommon to find men of long cxperientrci tlis- 
agree as to the kind of tree a certain piece of lumber was 
cut from, and, in some cases, there is oven a wi<lo dif- 
ference in the appearance and evidently the structure of 
timber cut from the same tree. 

Objects of Kiln-drying 

The objects of kiln-drying wood may be placed under 
three main headings: (1) To reduce shipping expens<‘s; 
(2) to reduce the quantity necessary tt> maintain in stock ; 
and (3) to reduce losses in air-drying ami to properly 
prepare the wood for subsequent use. Item number 2 
naturally follows as a consequence of cither 1 or 3. The 
reduction in weight on account of shipping expenses is 
of greatest significance with the Northwestern lumbermen 
in the case of Douglas fir, redwood. Western red cedar, 
sugar pine, bull pine, and other softwoods. 

Very rapid methods of rough drying are possible with 
som.e of these species, and are in use. High temperatures 
are used, and the -water is sometimes boiled off from the 
wood by beating above 212 degrees Fahrenhat. These 
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high-temperature methods will not apply to the majority 
of hardwoods, however, nor to many of the softwoods. 

It must first of all be recogmzed that the drying of 
lumber is a totally different operation from the (hying 
of a fabric or of thin roaterial. In the latter, it is largely 
a matter of evaporated moisture, but wood is not only 
hygroscopic and attracts moistirre from the air, but its 
physical behavior is very complex and renders- the ex- 
traction of moisture a very complicated process. 

An idea of its complexity may be had by mentioning some 
of the conditions which must be contended with. Shrink- 
age is, perhaps, the most important. This is unequal 
in different directions, being twice as great tangentially 
as radially and fifty times as great radially as longitudi- 
nally. Moreover, shrinkage is often tmequal in different 
portions of the same piece. The slowness of the transfusion 
of moisture through the wood is an important factor. This 
varies with different woods and greatly in different direc- 
tions. Wood becomes soft and plastic when hot and moist, 
and will yield more or less to internal stresses. As some 
species are practically impervious to air when wet, this 
pliusticity of the coll walls causes them to collapse as the 
water passes outward from the cell cavities. This dif- 
ficulty has given much trouble in the case of Western red 
cedar, and also to some extent in redwood. The unequal 
shrinkage causes internal stresses in the wood as it dries, 
which results in warping, checking, case-hardening, and 
honeycombing. Case-hardening is one of the most com- 
mon defects in improperly dried lumber. It is clearly 
shown by the cupping of the two halves when a case- 
hardened board is resawed. Chemical changes also occur 
in the w<x)d in drying, especially so at higher temperatures, 
rentloring it less hygroscopic, but more brittle. If dried 
too much or at too high a temperature, the strength and 
toughness is seriously reduced. 

Conditions of Success 

Commercial success in drying therefore requires that 
the substance be exposed to the air in the most efficient 
manner; that the temperature of the air be as high, as the 
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substance will stand without injury, and that tho air change 
or movement bo as rapid as is consistent witli econotnical 
installation and operation. C^onditions <»f success tiiere- 
fore require the observance of the following points, which 
embody the basic principles of the process: (1) The 
timber should bo heated through before <lrying begins. 
(2) The air should be very humid at the Ixoginning of the 
^ying process, and be made drier only gradually. (8) 'Fhe 
temperature of the lumber must be maintained uniformly 
throughout the entire pile. (4) C-ontrol of the tlrying 
process at any ipvon temperature must be sc*cured by 
controlling the relative humidity, not by tle<T<*jising the 
circulation. (5) In general, high t<unperat ures p(‘rmit. 
more rapid drying than do lower temperature's. 'I'he 
higher the temperature of the lundwr, the more efli<*i<*nt 
is the kiln. It is believed that temperatures as high as 
the boiling point are not injurious to most wo<sIs, pro- 
viding all other fundamentally important features are 
taken care of. Some species, however, are not abh* to 
stand as high temperatures as others, and ((5) the <legr<H'( 
of dryness attained, where strength is the prinu* reciuisite, 
should not exceed that at which the wood is to be used. 

Different Treatment according to Kind 

The rapidity with which water may be evaporated, that 
is, the rate of drying, depends on the size and shape of 
the piece and on the structure of the wotwl. Thin stock 
can be dried much faster than thick, under the same con- 
ditions of temperature, circulation, and humidity. Pine 
can be dried, as a general thing, in about one third of the 
time that would be required for oak of the same thickness, 
although the former contains the more water of the two. 
Quarter-sawn oak usually requires half again as long a» 
plain oak. Mahogany requires about the same time as 
plain oak; ash dries in a little less time, and maple, accord- 
mg to the ptirpose for which it is intended, may be dried 
in one £Lfth the time needed for oak, or may require a 
slightly longer treatment. For biroh, the time required 
is from one ha]f to two thirds, and for poplar and base- 
wood, from one fifth to one third ttot required for oak. 
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All kinds and thicknesses of lumber cannot be dried at 
the same time in the same kiln. It is manifest that green 
and air-dried lumber, dense and porous lumber, all re- 
quire different treatment. For instance, Southern yellow 
pine when cut green from the log will stand a very high 
temperature, say 200 degrees Fahrenheit, and in fact this 
high temperature is necessary together with a rapid circula- 
tion of air in order to neutralize the acidity of the pitch 
which causes the wood to blue and discolor. This lumber 
requires to be heated up immediately and to be kept hot 
throughout the length of the kiln. Hence the kiln must 
not be of such length as to allow of the air being too much 
cooled before escaping. 

Temperature depends 

While it is true that a higher temperature can be carried 
in the kiln for drying pine and similar woods, this does 
not altogether account for the great difference in drying 
time, as experience has taught us that even when both 
woods are dried in the same kiln, under the same condi- 
tions, pine will still dry much faster, proving thereby that 
the structure of the wood itself affects drying. 

The aim of all kiln designers should be to dry in the 
shortest possible time, without injury to the material. Ex- 
perience has demonstrated that high temperatures are very 
effective in evaporating water, regardless of the degree of 
humidity, but great care must be exercised in using ex- 
treme temperatures that the material to be dried is not 
damaged by checking, case-hardening, or hollow-horning. 

The temperature used should depend upon the species 
and condition of the material when entering the kiln. In 
general, it is advantageous to have as high a temperature 
as possible, both for economy of operation and speed of 
drying, but the physical properties of the wood will govern 
this. 

Many species cannot be dried satisfactorily at high 
temperatures on accoimt of their peculiar behavior. This 
is particularly so with green Itunber. 

Air-dried wood will stand a relatively higher tempera- 
ture, as a rule, than wet or green wood. In drying green 
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wood direct from the saw, it is usually best to start with 
a comparatively low temperature, and not raise the tem- 
perature until the wood is nearly dry. l^'or example, 
green maple containing about 60 per cent of its tlry weight 
in water should be started at about 120 ilcgrecs Fahrenheit 
and when it reaches a dryness of 25 per cent, the tempera- 
ture may be raised gradually up to 190 tlegrees. 

It is exceedingly important that the mati'rial be prac- 
tically at the same temperature throughout if perf(»ct 
drying is to be secured. It should be the same tempera- 
ture in the center of a pile or car as on the outside, and 
the same in the center of each individual pi(H*e of wood 
as on its surface. This is the effect obtained by natural 
air-drying. The outside atmosphere aiul breezes (natural 
air circulation) are so ample that the heat extracted for 
drying does not appreciably change the temperatuni. 

When once the wood has been raised to a high ttun- 
perature through and through and especially when the 
surface has been rendered moat poriiioable to moisture, 
drying may proceed as rapidly as it can be forced by arti- 
ficial circulation, provided the heat lost from the wood 
through vaporization is constantly replaced by the heat 
of the kiln. 

It is evident that to secure an oven temperature, a free 
circulation of air must be brought in contact with the 
wood. It is also evident that in addition t,o heat and a 
circulation of air, the air must be charged with a certain 
amount of moisture to prevent surface drying or case- 
hardening. 

There are some twenty-five different makes of dry kilns 
on the market, which fulfill to a varying degree the fuiuhi- 
mental requirements. Probably none of them succeed 
perfectly in fulfilling all. 

It is well to have the temperature of a dry kiln con- 
troUed by a thermostat which actuates the v^ve on the 
main steam supply pipe. It is doubly important to main- 
tain a -uniform temperature and avoid fiuotuations in 
the dry kiln, since a chax^se in temperature will greatly 
alter the relative humidity. 

In artificial drying, temperatures of from 160 to 180 do- 
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grees Fahrenheit are usually employed. Pine, spruce, 
cypress, cedar, etc., are dried fresh from the saw, allowing 
four days for 1-inch stuff. Hardwoods, especially oak, ash, 
maple, birch, sycamore, etc., are usually air-seasoned for 
three to six months to allow the first shrinkage to take place 
more gradually, and are then exposed to the above tem- 
peratures in the kiln for about six to ten days for l-inch 
stuff, other dimensions in proportion. 

Freslily cut poplar and cottonwood are often dried 
direct from the saw in a kiln. By employing lower tem- 
peratures, 100 to 120 degrees Fahrenheit, green oak, ash, 
etc., can be seasoned in dry kilns without much injury to 
the material. 

Steaming and sweating the wood is sometimes resorted 
to in order to prevent checking and case-hardening, but 
not, as has been frequently asserted, to enable the material 
to dry. 

Air Circulation 

Air circulation is of the utmost importance, since no 
drying whatever can take place when it is lacking. The 
evaporation of moisture requires heat and this must be 
supplied by the circulating air. Moreover, the moisture 
laden air must be constantly removed and fresh, drier air 
substituted. Probably this is the factor which gives 
more trouble in commercial operations than anything 
else, and the one which causes the greatest number of 
fiiilurcs. 

It is necessary that the air circulate through every 
part of the kiln and that the moving air come in contact 
with every portion of the material to be dried. In fact, 
the humidity is dependent upon the circulation. If the 
air stagnates in any portion of the pile, then the tempera- 
ture will drop and the humidity rise to a condition of 
saturation. Drying will not take place- at this portion 
of the pile and the material is apt to mould and rot. 

The method of piling the material on trucks or in the 
kiln, is therefore, of extreme importance. Various methods 
are in^ use. Ordinary flat piling is probably the poorest. 
Flat piling with open chimney spaces in the piles is better. 
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But neither method is suitable for a kiln in which the 
circulation is mainly vertical. 

Edge piling with stickers running vertically is in use 
in kilns when the heating coils are beneath. This is mu<^h 
better. 

Air being cooled as it comes in contiwit with a pile of 
material, becomes denser, and consequently ton<ls to sink. 
Unless the material to be dried is so arranged that the 
air can pass gradually downward through the pile as it 
cools, poor circulation is apt to result. 

' In edge-piled lumber, with the heating system beneath 
the piles, the natural tendency of the cooUul air to tieseeiul 
is opposed by the hot air beneath which tends to rise. 
An indeterminate condition is thus brought about, n*- 
sulting in non-uniform drying. It has been found that 
air will rise through some layers and descend through 
others. 


Humidity 

Humidity is of prime importance because the rate of 
drying and prevention of chocking and case-hardening 
are largely dependent thereon. It is generally true that 
the surface of the wood should not dry more rapidly than 
the moisture transfuses from the center of the pie<!e to 
its surface, otherwise disaster will result. As a suflieient 
amount of moisture is removed from the woo<l to main- 
tain the desired humidity, it is not good economy to 
generate moisture in an outside apparatus and force it 
into a kiln, unless the moisture in the wood is not sufficient 
for this purpose,' in that case provision should be made 
for adding any additional moisture that may bo re<iuired. 

The rate of evaporation may best be controlled by 
controlling the amount of vapor present in the air (relative 
humidity); it should not be controlled by reducing the 
an circulation, since a large circulation is needed at all 
times to supply the necessary heat. 

The hu^dity should be graded from 100 per cent at 
the receiving end of the kiln, to whatever humidity cor- 
responds with the desired degree of dryness at t^ d^ 
livery end. 
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The kiln should be so designed that the proper degree 
may be maintained at its every section. 

A fresh piece of sapwood will lose weight in boiling 
water and can also be dried to quite an extent in steam. 
This proves conclusively that a high degree of humidity 
docs not have the detrimental effect on drying that is 
commonly attributed to it. In fact, a proper degree of 
humidity, especiallj’' in the loading or receiving end of a 
kiln, IS just as necessary to good results in drying as 
getting the piopcr temperature. 

lOxjienments have demonstrated also that injury to 
stock in the way of checking, warping, and hollow-horning 
always develops immediately after the stock is taken into 
the kiln, and is due to the degree of humidity being too 
low. The receiving end of the kiln should alwavs be 
kejit moist, where the stock has not been steamed before 
being jiiit into the kiln. The reason for tins is simple 
enough. When the aii is too dry it tends to dry the out- 
side of the material fust — which is termed '‘case-harden- 
ing” — and in so doing shrinks and closes up the poies 
of the wood. As the stock is moved down the kiln, it 
alisorlis a continually increasing amount of heat, which 
tends to diive off the moistuie .still picsent in the center 
of the stock The pores on the outside having been closed 
up, tlK're IS no exit for the vapor or steam that is being 
rapidly formed in the center. It must hiid its way out 
some way, and m doing .so sots up strains, which lesiilt 
either in checking, warping, or hollow-horning. II the 
humidity had been kept higher, the outside of the mateual 
would not have dried so cpuckly, and the pores would 
have remained open for the exit of moisture liom the in- 
terior of t.he wood, and this trouble would have been 
avoided. 

Where the humiditj’’ is kept at a high point m the re- 
ceiving end of the kiln, a higher rate of tcmpeiature may 
also 1)0 carried^ {|iad in that way the drying process is 
hastened with OftlU^ative safety. 

It is ossentaiiig til^retorc, to have an ample suppl 3 ’ of 
heat through ^Slfe„c6nvection currents of the air; but in 
the case of wdod the rate of evaporation must be con- 
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But ucitluM- iiu'thod is suitahlf fur a kiln iu \\l'i<-h tla* 
cinuilatiuii is nia.inly vi'rt.ical. 

EdK<‘ piling with sti<‘l«‘rs running vurtiiaillN i> in um* 
in kilns wIumi tiu' lioaling <‘oils aro Ixaiuath. 'I'his i> much 
hotter. 

Air being cuoUxl as if eoines in eunlact with a |)il(‘ <»f 
material, l>e(*<>m<‘s di'iiser, and <*ons(‘(|uentl,%‘ (tatds tn >ink. 
Unless the nnit(‘ria.l to Ix' dri<‘d is su ari-ang(‘d that tin* 
air can })ass gra.dua.lly downwanl through tin* pile as it 
cools, ])oor cinaihition is sipl to r<‘sulf. 

Ill edge-piled lumber, with tin* healing system beneath 
the ])iles, t.lie natural fimdiMiey of tlu' <*(>«>hal air to tleseend 
is opposed by the hot. air Ix'iu'ath whieli tend.‘> to ri.se. 
An indeterminate^ condition is thus brought about, re- 
sulting in non-uniform drying. It. has be<*n fouml that 
air wall rise through sonu^ layers and <h‘s<x>nd through 
others. 

Humidity 

Humidity is of iirime importance^ bex-ause* the* rate- of 
drying and prevent.iem eif chex’Uing anel e-ase^-hardeming 
arc largely depenelent. the'rexm. It is gemea-ally true' that 
the surface of the wexxl shemlel neit. elry more* rapidly than 
the moisture transfuse's frenn the' e’e'nte'i* of the' pie'e-e to 
its surface, eithewwise elisa.sle‘r will re'sult. ,\s a sedlie'ie'iit 
amount of moisture is remeiveel frenn the* wexxl to lueiin- 
tain the desired humielity, it. is not gexxl e'e'onomy to 
generate moisture in an outsiele* aptiaratus and fore'e* it 
into a kiln, unless the mehsture^ in the* wexiel is not sullieie'nt 
for this purpeise; in that (*.ase provision should lx* maele* 
for adding any adeliiional nmisture* that, may be* re'<iuir(*d. 

The rate of evaiiorat.iem ma.y lx*st. lx* e'oedrolh'd by 
controlling the amenint of vapor pre*se*id. in the* air (re*lative* 
humidity); it should ne>t be cent re>lle*el by re*elue*ing the* 
air circulation, since a largo circulatiem is ne*e‘de*d ;d all 
times to supply the nccesssary lu'at.. 

The humidity should be gradetl from 100 p<*r ce'ut. at. 
the receiving end of the kiln, to whatiev(*r humielity e*or- 
responds with the desired degree of <lryne*ss at. tile's eit*- 
livery end. 
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The kiln ^should be so designed that the proper tlegi’ee 
may be maintained at its every section. 

A fresh piece of sapwood will lose weight in boiling 
water and cun also be dried to (piite an extent in steam, 
'^rhis proves conclusively that a high degree of humidity 
does not have th<'. (Udrimental effect on drying that is 
commonly attributed to it. In fact, a proi>er degree of 
humidity, especially in the loading or rec^eiving end of a 
kiln, is just, as nect'ssjiry t^) good results in drying as 
getting the' proper t.empc'rature. 

lOxperiments have demonstrated also that injury to 
st.ock in the way of checking, warping, and hollow-horning 
always develops imnuMliatciy after the stock is taken into 
the kiln, and is due to the dc^gree of humidity being too 
low'. The' receiving end of the kiln should always be 
kc'pt moist., wlu're thc^ st.()ck has not been steamed before 
being put, into the kiln. The re^ason for this is simple 
CMeough. When the air is too dry it tends to dry the out- 
side' of the' nuite'iial first - which is terieieel “ casevharden- 
ing” and in so doing shrinks and closes uj) the pores 
of the' wood. .Vs the stock is movesd down the kiln, it 
ab.sorbs a e'ontimudly increasing amount of heeit, which 
te'nds to drive oil' (he moisture still i)re'sent in the cienter 
of the' stoeie. The' pore's on the outside having been e^losed 
up, the'i'C' is no exit, for the vapor or stc'am that is being 
rapidly fornu'd in the^ eieade'r. It must find its way out 
some' way, and in doing so seh.s up strains, w'hich rc'sult 
c'ithc'r in e'lu'cking, war])ing, or hollow-horning. If the 
humidity ha.d be'en kc'pt, highc'r, the outside of the material 
w'oeild not ha.ve drie'd so epiickly, a.nel the ])ores woidd 
have' re'mainc'd opc'ii for the^ e'xit of moisture from the^ iii- 
te'iior of the wood, and this trouble would have been 
avoided. 

Whc're' the' humidity is ke[)t at a high ])oint in the re- 
(U'iving e'lid of the kiln, a higher rate of temperature may 
also be' c'arrie'd, and iti that way the drying proeuvss is 
haste'ue'd with comparative safety. 

It, is c'sse'ntial, therefore, to have ein am|)le supply of 
lu'ut through the eonve'ction current,s of the air; but in 
the case^ of w’^ood the' rate of evaponition must bo con- 
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trolled, else checking will t>ccur. This can l)o done by 
means of the relative humidity, as stated In^fore. It is 
clear now that when the air-— or, more pr«iK*rly s}>eak- 
ing, the space — is completely saturated m> evaporation 
can take place at the given temperature. Uy rtMiuciug 
the humidity, evaporation t-akes place morc» and more 
rapidly. 

Another bad feature of an insufRcient an<l non-uniform 
supply of heat is that each piece of wood will b<^ heate<l to 
the evaporating point on the outer surface, the inside 
remaining cool until considerable drying has taken place 
from the surface. Ordinarily in dry kilns high humi<li1y 
and large circulation of air are antitheses tf> one unothtT. 
To obtain the high humidity the circulation is (‘ith(*r 
stopped altogether or greatly reduced, and to rt»duee the 
humidity a greater circulation is inducetl by opening thc! 
ventilators or otherwise increasing the tlraft. 'I'his is 
evidently not good practice, but as a rule is unavoidabh^ 
in most dry kilns of present make. The humidity should 
be raised to check evaporation without reducing the 
circulation if possible. 

While thin stock, such as cooperage and box stuff is 
less inclined to give trouble by undue cliecking than 1-incli 
and thicker, one will find that any dry kiln will giv(» nn»re 
uniform results and, at the same time, be more e<*ononii- 
calin the use of steam, when the humidity and temperature 
is carried at as high a point as possible without injtiry to 
the material to be dried. 

Any well-made dry kiln which will fulfill the: conditions 
req^ed as to circulation and humidity control should work 
satisfactorily; but each case must bo studied by itst'lf, 
and the various factors modified to suit the peculiar con- 
ditions of the problem in hand. In every now cose the 
material should be constantly watched and studied ami, 

checking begins, the humidity should be increased until 
it stops. It is not reducing the circulation, but adding 
the necessary moisture to the air, that should be depended 
on to prevent checking. For this purpose it is well to 
have steam jets in the kiln so that if needed they are ready 
at hand. 
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Kiln-drying 

There are two distinct ways of handling material in 
dry kilns. One way is to place the load of lumber in a 
chamber where it remains in the same place throughout 
the operation, while the conditions of the drying medium 
are varied as the drying progresses. This is the “apart- 
ment” kiln or stationary method. The other is to run 
the lumber in at one end of the chamber on a wheeled 
truck and gradually move it along until the drying process 
is completed, when it is taken out at the opposite end of 
the kiln. It is the usual custom in these kilns to main- 
tain one end of the chamber moist and the other end 
dry. This is known as the “progressive” type of kiln, 
anti is the one most conunonly used in large operations. 

It is, however, the least satisfactory of the two where 
careful drying is required, since the conditions cannot 
bo so well regulated and the temperatures and humidities 
are apt to change with any change of wind. The apartment 
mothotl can bo arranged so that it will not reqtiire any 
more kiln space or any more handling of lumber than the 
progressive* type. It does, however, require more in- 
telligent ojieration, since the conditions in the drying 
chamber must be changed as the drying progresses. With 
th<» progressive typo the conditions, once properly es- 
tablished, renniin the same. 

To obtain draft or circulation throe methods are in use — 
by forced tlraft or a blower usually placed outside the kiln, 
by ventilation, ami by internal circulation and condensa- 
tion. A groat many patents have been taken out on 
different methods of ventilation, but in actual operation 
few kilns work exactly as intended. Frequently the air 
moves in the reverse direction for which the ventilators 
were planned. Sometimes a condenser is used in con- 
nection with the blower and the air is re-circTilated. It is 
also — and more satisfactorily — used with the gentle 
internal-gravity currents of air. 

Many patents have been taken out for heating systems. 
The differences among these, however, have more to do 
with the mechanical construction than with the process 
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of drying. In general, the heating iw either direct or in- 
direct. In the former Hteam coils are placed in the chamber 
with the lumber, and in the latter the air is heated by 
either steam coils or a furnace l)ef<»re it i« introduced into 
the dr 3 dng chamber. 

Moisture is sometimes supplietl by means of free 
steam jets in the kiln or in the entering air; but more 
often the moisture evaporated fn>m the lumber is rc*lie<l 
upon to maintain the humidity necessary. 

A substance becomes dry by the evai>oration of its 
inherent moisture into the surrounding spa(*e. If this 
space be confined it soon becomtw saturated and the proev 
ess stops. Hence, constant change is mtccssiiry in onler 
that the moisture given off may be contiimally carried 
away. 

In practice, air movement is therefore absolutely es- 
sential to the process <>f drying. Heat is nierely a useftd 
accessory which serves to decreivse. the time of <irying 
by increasing both the rate of evaporation an<i the ab- 
sorbing power of the surrounding space. 

It makes no dificrence whether this space is a vacuum 
or filled with air; under either coiulition it will take tip 
a stated weight of vapor. From this it app(*ars that the 
vapor molecules find sufficient space betwecMi tlm niolectdes 
of air. But the converse is not true, for sonu'what l(‘ss 
air will be contained in a given space saturated with vapor 
than in one devoid of moisture. In other wortls the air 
does not seem to find sufficient space betwetm the mole- 
cules of vapor. 

If the temperature of the confined space be inereaseil, 
opportunity will thereby be provided for the vaporiztir 
tion of more water, but if it be decreased, its capacity for 
moisture will be reduced and visible water will be de- 
posited. The temperature at which this takes place is 
known as the “dew-point” and depends upon the initial 
degree of saturation of the given space; the less the relative 
saturation the lower the dew-point. 

Careful piling of the material to be dried, both in the 
yard and dry kiln, is essential to good results in drying. 
Air-dried material is not dry, and its moisture is too 
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unevenly distributed to insure good behavior after manu- 
facture. 

It is quite a difficult matter to give specific or absolute 
correct weights of any species of timber when thoroughly 
or properly dried, in order that one may be guided in 
these kiln operations, as a great deal depends upon the 
species of wood to be dried, its density, and upon the 
thickness which it has been cut, and its condition when 
entering the drying chamber. 

Elm will naturally weigh less than beech, and where 
the wood is close-grained or compact it will weigh more 
than coarse-grained wood of the same species, and, there- 
fore, no sot rxiles can be laid down, as good judgment 
only should be used, as the quality of the drying is not 
purely one of time. Sometimes the comparatively slow 
process gives excellent results, while to rush a lot of stock 
through the kiln may be to turn it out so poorly seasoned 
that it will not give satisfaction when worked into the 
finished product. The mistreatment of the material in 
this respect results in numerous defects, chief among which 
are warping and twisting, checking, case-hardening, and 
honeyconrbing, or, as sometimes called, hollow-horning. 

Since the proportion of sap and heartwood varies with 
size, age, species, and individual trees, the following figures 
as regards weight must be regarded as mere approxi- 
mations: 


POXTNDK OF WaTBH LoHT IN DbYINCX 100 POUNDS OP GrEBN WoOD 

IN THE Kiln 



Sapwood or 
outer part 

Heartwood 
or interior 

(1) Pino, cwxlar, spruce> and fir 

45-65 

1&-25 

(2) C'yproHH, extremely variable 

50-65 

18-60 

(2) Poplar^ cottonwood, and basswood 

(4) Oak, beech, ash, maple, biroh, elm, hickory, 

60-65 

40-60 

chestnut, walnut, and sycamore 

40-50 

30-40 


The lighter kinds have the most water in the sapwood; 
thus sycamore has more water than hickory, etc. 

The e£6Loiency of the drying operations depends a great 
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deal upon the way in which the lumber is piled, OR|>ecially 
when the humidity is not regulated, l^’roiu the theory 
of drying it is evident that the rate of evaporation in dry 
kilns where the humidity is not regulated tlej)cnds entirely 
upon the rate of circulation, other things l>t*ing c<iuul. 
Consequently, those portions of the W(mkI which receive 
the greatest amount of air dry the most rapi<lly, aiul 
vice versa. The only way, therefore, in which anything 
like uniform drying can take place is whert^ the lumlx'r is 
so piled that each portion of it comes in contact with the 
same amount of air. 

In the Forestry Service kiln (Fig. 30), where* the degrw of 
relative humidity is used to control th<^ rate of drying, 
the amount of circulation makes little <lifTeren(*e, pro- 
vided it exceeds a certain amount. It is desirable to pih^ 
the lumber so as to offer as little frictional resistance as 
possible and at the same time secun^ uniform circulation. 
If circulation is excessive in any phute it simply mt'ans 
waste of energy but no other injury to tlu* lumlxT. 

The best method of piling is one which p(‘rmits tlx' 
heated air to pass through the pile in a somt*what down- 
ward direction. The natural tendency of the* <*oe)led air 
to descend is thus taken tulvantage of in n.ssisting tlu* 
circulation in the kiln. This is especially impetrtant wh(*n 
cold or green lumber is first intnxluced into the kiln. 
But even when the lumber has become warm<‘d the (‘ool- 
ing due to the evaporation iucreasem the density of the 
mixture of the air and vapor. 

Kiln-drying Gum 

The following article was published by the United 
States Forestry Service as to the best method of kiln- 
drying gum: 

Piling. — Perhaps the most important factor in good kiln- 
dripng, especially in the case of the gums, is the method of 
piling. It is our opinion that proper and very careful piling 
will ^eatly reduce the loss due to warping. A good method 
of piling is to place the lumber length-wise of the kiln and 
on an incline cross-wise. The warm air ehould rise at 
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the higher side of the pile and descend between the courses 
of lumber. The reason for this is very simple and the 
principle has been applied in the manufacture of the best 
ice boxes for some time. The most efl&cient refrigerators 
are iced at the side, the ice compartment opening to the 
cooling chamber at the top and bottom. The warm air 
from above is cooled by melting the ice. It then becomes 
denser and settles down into the main chamber. The 
articles in the cooling room warm the air as they cool, so 
it rises to the top and again comes in contact with the 
ice, thus completing the cycle. The rate of this natural 
circulation is automatically regulated by the temperature 
of the articles in the cooling chamber and by the amount 
of ice in the icing compartment; hence the efficiency of 
such a box is high. 

Now let us apply this principle to the drying of lumber. 
First we must understand that as long as the lumber is 
moist and tlrying, it will always be cooler than the sur- 
rounding air, the amount of this difference being determined 
by the rate of drying and the moisture in the wood. As 
the lumber dries, its temperature gradually rises until it 
is equal to that of the air, when perfect dryness results. 
With this fact in mind it is clear that the function of the 
lumber in a kiln is exactly analogous to that of the ice in 
an i(*e box; that is, it is the cooling agent. Similarly, 
the luxating pipes in a dry kiln bring about the same effect 
as the arti(?los of food in the ice box in that they serve to 
heat, the air. Therefore, the an* will be cooled by the 
lumber, causing it to i)ass downward through the piles. 
If the heating units are placed at the sides of the kiln, 
the action of the air in a good ice box is duplicated in the 
kiln. The significant point in tins connection is that, the 
greener and colder the lumber, the faster is the circula- 
tion. This is a highly desirable feature. 

A second vital point is that as the wood becomes grad- 
ually drier the circulation automatically decreases, thus 
resulting in increased efficiency, because there is no need 
for circulation greater than enough to maintain the hu- 
midity of the air as it leaves the lumber about the same 
as it enters. Therefore, we advocate either the longitu- 
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tudinal side-wise inclined pile or etlgo Htucking, the latter 
being much preferable when possible. Of course the 
piles in our kiln were small and coultl not Iw weighted 
properly, so the best results tis to reducing warpttig wore 
not obtained. 

PreHizmuury Steaming. — Because the fibres of the gums 
become plastic while moist and hot without causing <le- 
feete, it is desirable to heat the air-<lried lumber to aliout 
200 degrees Fahrenheit in saturated steam at atmospheric 
pressure in order to reduce the warping, 'flus tr(*atment 
also furnishes a means of heating the lumbt*r v(*ry rapidly. 
It is probably a good way to stop the sap-staining of gnam 
lumber, if it is steamed while green. We have not invissti- 
gated the other effects of steaming green gum, howtn'er, 
so we hesitate to recommend it. 

Temperatures as high as 210 degrees Fahrenheit w(‘r(‘ usihI 
with no apparent harm to the matt^rinl. 'fht* lM‘st ri'sult. 
was obtained with the temperature of ISO d(‘gnH‘s Fahr<*n- 
heit, after the first preliminary heating in stc^am to 200 
degrees Fahrenheit. Higher temperatures may be usial 
with air-dried gum, however. 

The best method of humidity control proved to b<* to 
reduce the relative huxnidity of the air from 100 p<*r cimt 
(saturated steam) very carefully at first and tlnm more 
rapidly to 30 per cent in about four days. If the change 
is too marked immediately after the steaming period, 
checking will invariably result. Under those temiK‘rature 
and humidity conditions the stock was drieil from 15 
per cent moisture, based on the dry wwxl weight, to 0 per 
cent in five days’ time. The loss duo to checking was 
about 5 per cent, based on the actual footage loss, not on 
commercial grades. 

Final Steaming. — From time to time during the teat 
runs the material was resawed to test for case-hardening. 
The stock dried in five days showed slight case-hardening, 
so it was steamed at atmospheric pressure for 36 minutes 
near the close of the run, with the result that when dri^ 
off again the stresses were no longer present. The mate- 
rial from one run was steamed for three hours at atmoe- 
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pheric pressure and proved very badly case-hardened, but 
in the reverse direction. It seems possible that by test- 
ing for the amoimt of case-hardening one might select 
a final steaming period which would elinainate all stresses 
in the wood. 


Kiln-drying of Green Red Gtun 

The following article was published by the United 
States Forestry Service on the kiln-drying of green red 
g\un: 

A short time ago fifteen fine, red-gum logs 16 feet long 
were received from Sardis, Miss. They were in excellent 
condition and quite green. 

It has been our belief that if the gum could be kiln- 
dried directly from the saw, a number of the difficulties 
in seasoning might be avoided. Therefore, we have under- 
taken to find out whether or not such a thing is feasible. 
The green logs now at the laboratory are to be used in 
this investigation. One run of a preliminary nature has 
just been made, the method and results of which I will 
now toll. 

This method was rcjdly adapted to the drying of Southern 
pine, aiul one log of the green gum was cut into 1-inch 
stock and dried with the pine. The heartwood contained 
many knots and some checks, although it was in general 
of (piite gcM)d quality. The sapwood was in fine condition 
an<l almost as white as snow. 

Tliis material was edge-stacked with one crosser at 
either end and one at the center of the 16-foot board. 
This is sufficient for the pine, but was absolutely inadequate 
for drying green gum. A special shrinkage take-up was 
applied at the three points. The results proved very 
interesting in spite of the warping which was expected 
with but three crossers in 16 feet. The method of cir- 
culation described was used. It is our belief that edge 
piling is best for this method. 

This method of kiln-drying depends on the maintenance 
of a high velocity of iffightly superheated steam through 
the lumber. In few words, the object is to maintain the 
temperature of the vapor as it leaves the lumber at slightly 
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above 212 degrees Fahrenheit. In order to accomplish this 
result, it is necessary to maintain the high velocity of 
circulation. As the wood dries, the supt'rhcat may bo 
increased until a temperature of 225 degrees or 2110 degrees 
Fahrenheit of the exit air is recorded. 

The 1-inch green gum w<is dried from 20.1 per cent to 
11.4 per cent moisture, based on the dry wo<kI weight in 
45 hours. The loss due to checking was 10 per e(‘nt. 
Nearly every knot in the hoartwood was eheeke<i, show- 
ing that as the knots could bo eliminat<‘d in any case, this 
loss might not be so groat. It was significant that practi- 
cally all of the checking occurrtid in the heart wt)od. 'rho 
loss due to Wiurping was 22 per cent.. Of course this was 
large; but not nearly enough crossers were us(‘d for the 
gum. It is our opinion that this loss due to warping can 
be very much reduced by using at least eight («rossers and 
providing for taking up of the shrinkage. A feattirt* of 
this process which is very important is that the nu*thod 
absolutely prevents all sap staining. 

Another delightful surprise was th(^ manner in whi(*h 
the superheated steam method of drying (*ljang(‘d th(‘ 
color of the sapwood from pure white to a l«*autifully 
uniform, clean-looking, cherry red color whi(^h v(‘ry clos<*Iy 
resembles that of the heartwood. '‘rhis methoil is not 
new by any means, as several patents hav<^ l><‘(*n grant csi 
on the steaming of gum to render the sapwood more nearly 
the color of the heartwoods. The method of application 
in kiln-drying green gum we believe to bo rwjw, how<‘V(*r. 
Other method for kiln-drying this green stock are to be 
tested until the proper process is developed. We ex- 
pect to have something intorosting to report in the near 
future.^ 

^ Tho above test was xaado at the United States Fonwtiy Hervioo lAlmmtoiy, 
Madison, Wis. 
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TYPES OE DEY KILISTS 

DIFFERENT TYPES OF DRY KILNS 

Dry kilns as in use to-day are divided into two classes: 
The “pipe” or “moist-air” kiln, in which natural draft 
is relied upon for circulation and, the “blower” or “hot 
blast” kiln, in which the circulation is produced by fans 
or blowers. Both classes have their adherents and either 
one will produce satisfactory results if properly operated. 

The “Blower” or “Hot Blast” Kiln 

The blower kiln in its various types has been in use so 
long that it is hardly necessary to give to it a lengthy in- 
troduction. These kilns at their inauguration were a 
womlerful improvement over the old style “bake-oven” 
or “sweat box” kiln then employed, both on account of 
the improved quality of the material and the rapidity at 
which it was dried. 

These blower kilns have undergone steady improvement, 
not only in the apparatus and equipment, but also in their 
general design, method of introducing air, and provision 
for controlling the temperature and humidity. With this 
typo of kiln the circulation is always under absolute con- 
trol and can bo adjusted to suit the conditions, which 
neccssiirily vary with the conditions of the material to 
be dried and the quantity to be put through the kiln. 

In cither the blower or moist-air type of dry kiln, how- 
ever, it is absolutely essential, in order to secure satis- 
factory results, both as to rapidity in drying and good 
quality of stock, that the kiln be so desired that the 
temperature and humidity, together with circulation, are 
always under convenient control. Any dry kiln in which 
this has not been carefully considered will not give the 
desired results. 



186 SEASONING OF \V(M)I> 

In the old style blower kiln, while the circulation and 
temperature was very largicly under the oixirator’s con- 
trol, it was next to impossible to produce conditions in 
the receiving end of the kiln so that the humidity coulti 
be kept at the proper point. In fact, this wtis one retison 
why the natural draft, or so-called moist-air kiln was 
developed. 

The advent of the moist-air kiln serve<l as an etiucation 
to kiln designers and manufacturers, in that it has siiown 
conclusively the value of a proper <legree of htimi<iity in 
the receiving end of any progressive <iry kiln, and it has 
been of special benefit also in that it gave the mamifiu't tirers 
of blower kilns an idea as to how to improve the design 
of their typo of kiln to overcome the tlifficulty referr<‘d to 
in the old stylo blower kilns. This htis now be<‘n reiu<nlif*d, 
and in a decidedly simple manner, as is usually th<* (‘jise 
with all things that possess merit. 

It was found that by returning from one thin! to om» 
half of the moist air after having passc^d through the kiln 
back to the fan room and by mixing it with the fr<*sh and 
more or less dry air going into the drying room, that the 
humidity could be kept under coxxveniimt c.ontrol. 

The amount of air that can bo returned from a kiln of 
this class depends upon three things: (1) The condition 
of the material when entering the drying room; (2) the 
rapidity with which the material is to be dried; ami (2) the 
condition of the outside atmosphere. In the winter st'ason 
it will be found that a larger proportion of tur may be 
returned to the drying room than in summer, as the air 
during the winter season contains considerably less mois- 
ture and as a consequence is much drier. This is rather a 
fortunate coincidence, as, when the kiln is being operated 
in this manner, it will be much more economical in its 
steam consumption. 

In the Slimmer season, when the outside atmosphere is 
saturated to a much greater extent, it will be found that 
it is not possible to return as great a quantity of air to the 
dr 3 dng room, although there have been instances of kilns 
of this class, which in operation have had all the air re* 
turned and found to give satisfactory results. This is 
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an unusual condition, however, and can only be accounted 
for by some special or peculiar condition surrounding the 
installation. 

In some instances, the desired amount of humidity in a 
blower type of kiln is obtained by the addition of a steam 
spray in the receiving end of the kiln, much in the same 
manner as that used in the moist-air kilns. This method 
is not as economical as returning the moisture-laden air 
froni the drying room as explained in the preceding para- 
graph. 

With the positive circulation that may be obtained in 
a blower kiln, and with the conditions of temperature and 
huinitUty under convenient control, this type of kiln has 
the elements most necessary to produce satisfactory dry- 
ing in the quickest possible elapsed time. 

It must not be inferred from this, however, that this 
class of dry kiln may be installed and satisfactory re- 
sults obtained regardless of how it is handled. A great 
deal of the success of any dry kiln — or any other 
apparatus, for that matter — depends upon intelligent 
operation. 


Operation of the “Blower” Dry Kiln 

It is essential that the operator be supplied with proper 
facilities to keep a record of the material as it is placed 
into the drying room, and when it is taken out. An ac- 
curate record should bo kept of the temperature every 
two or throe hours, for the different thicknesses and species 
of lumber, that he may have some reliable data to guide 
him in future cases. 

Any man possessing ordinary intelligence can operate 
dry kilns and secixre satisfactory results, providing he will 
use good judgment and follow the basic instructions as 
outlined below: 

1. When cold and before putting into operation, heat 

the apparatus slowly until all pipes are hot, then 
start the fan or blower, gradually bringing it up 
to its required speed. 

2. See that aU steam supply valves are kept wide open. 
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unless you desire to lengthen the time rctiuired to 
dry the material. 

3. When tising exhaust steam, the valve from the 

header (which is a separate drip, imleixniident of 
the trap connection) must be kept wi<ie oi)en, hut 
must be closed when live steam is usetl on that 
part of the heater. 

4. The engines as supplied by the manufa<‘t urers are 

constructed to operate the fan or blower at a projx'r 
speed with its throttle valve witle open, and with 
not leas than 80 pounds pressure of st.eam. 

6. If the return steam trap does not diH<fharge regularly, 
it is important that it be opened aiul thoroughly 
cleaned and the valve seat re-ground. 

6. As good air circulation is as essential as the projx'r 

degree of heat, and as the volume of air and its 
contact with the material to be tlrie<i i1(‘immmIs npini 
the volume delivered by t.h<< fan or l>low<*r, it is 
necessary to maintain a regular and tiniform s]>(>(h 1 
of the engine. 

7. Atmospheric openings must always be maintained 

in the fan or heater room for fr<‘sh air supply. 

8. Successful drying cannot be aeeomplishe<l without 

ample and free circulation of air at. all time’s. 

If the above instructions are fully carried out, ami gootl 
judgment used in the handling and operation of the 
blower kiln, no difficulties should be encountered in suc- 
cessfully drying the materials at hand. 

The “Pipe” or “Moist-air” Dry Kiln 

While in the blower class of dry kiln, the circulation is 
obtained by forced draft with the aid of fans or blowers, 
in the Moist-air kilns (see Fig. 31).; the circulation is ob- 
tained by natural draft only, added by the manipulation 
of dampers installed at the receiving end of the drying 
room, which lead to vertical flues through a stack to the 
outside atmosphere. 

The heat in these kilns is obtained by condensing steam 
in coils of pipe, which are placed underneath the material 
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to be dried. As the degree of heat required, and steam 
pressure govern the amoimt of radiation, there are several 
types of radiating coils. In Fig. 32 will be seen the Single 
Row Heating Coils for live or high pressure steam, which 
are used when the low temperature is required. Figure 33 
shows the Double (or 2) Row Heating Coils for live or 
high pressure steam. This apparatus is used when a 



Pig. HI. Section through a typical Moist-air Dry Kiln. 


medium temperature is required’ In Fig. 34 will be seen 
the Vertical Type Heating Coils which is recommended 
where exhaust or low-pressure steam* is to be used, or may 
bo u.sod with live or Mgh-pressure steam when high tem- 
peratures are desired. 

Those heating coils are usually installed in sections, 
which permit any degree of heat from the minimum to 
the maximum to be maintained by the elimination of, 
or the addition of, any number ^of heating sections. This 
gives a dry kiln for the (hying 'of ^een softwoods, or by 
shutting off a portion of the radiating coils — thus re- 
ducing the temperature — a dry kiln for drying hard- 
woods, that will not stand the maximum degree of heat. 

In the Moist-air or Natural Draft type of dry kiln, any 
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1%. 32. SiBi^ Kpe Headog Apparatus for Di^* Kilns, arraiwni for the Use rrf Liw Steam. For Lor Temperatuna. 
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33, Double Hpe Heating Apparatus for Dry Kilns, arranged for the Use of lire Steam. For Medium Temperatures. 


192 SK.VS()NING OF WOOD 

degree of humidity, from clear and dry to ii <lonHC fog may 
be obtained; this is in fact, the main aiul most import axit 
feature of this type of dry kiln, and the most ossoxxtial 
one in the drying of hardwoods. 

It is not generally undorHto<Ml that the length of a kiln 
has any effect upon the quantity of material that may bo 
put through it, but it is a fact nevertheless that long kilns 
are much more effective, and produce a lad ter (juality of 
stock in less time than kilns of slu>rter length. 

Experience has proven that a kiln from 80 to 125 f(‘<*t 
in length will produce the best results, aiwl it should bt^ 
the practice, whore possible, to keep them within those 
figures. The reason for this is that in a long kiln th<M*<‘ is 
a greater drop in temperature between the discharges oml 
and the green or receiving entl of the kiln. 

It is very essential that the comlitions in the i*o<*eiving 
end of the kiln, as far as the temperature an<l humitlity 
are concerned, must go hand in hand. 

It has also been fouiul that in a long kiln the dt^sired 
conditions may bo obtaimui with Ixigher t^*mperntur(*s 
than with a shorter kiln; con.se<juently higiuM* tempera- 
tures may bo carrio<l in the discharge en<l of tin* kiln, 
thereby securing gi’eater rapitiity in drying- It is not 
unusual to find that a teniperaturc of 200 degre<*s Fahr<*nheit 
is carried in the discharge end of a long dry kiln with 
safety, without in any way injuring the (piality of the 
material, although, it would bo better not to exeeetl ISO 
degrees in the discharge end, and about 120 d(*gr<*<*s in 
the receiving or green end in order to bo on the safe si<U*. 

Operation of the “Moist-air” Dry tcot* 

To obtain the best results these kilns should bo kept 
in continuous operation when once started, that is, they 
should be operated continuously day and night. When 
not in operation at night or on Sundays, and the kiln is 
used to season green stock direct from the saw, the largo 
doors at both ends of the kiln should be opbn^ wide, or 
the xmterial to be dried will “sap stain.” 

It is highly indpori^t that ' the operator attending any 
drying apparatvjs ke^^ a xhii^te and accurate iwcord of 
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the condition of the material a» it w placed into tiie drying 
room, and its final condition when taken out. 

Recorde of the temperature and humidity Hhould he 
taken frequently ami at atated {fcriodH for the <iifT<*r<*nt 
thicknesses and species of material, in order that Im‘ may 
have reliable data to guide him in future operations. 

The following facts should be taken intt> consideration 
when operating the Moist-air dry kiln; 

1. Before any material has been plac(ul in the tlrying 

room, the steam should be turned into the berating 
or radiating coils, gradually warming tinun. uml 
brining the temperature in the kiln up to tlu^ 
desired degree. 

2. Care should be exerciscnl that tlu're is sufn<‘ient 

humidity in the receiving or loading end of the 
kiln, in order to guard against che<*king, <*as(>- 
hardoning, etc. Therefore it is essential that, tin* 
steam spray at the receiving or loading end of the 
kiln bo properly manipulaietl. 

3. As the temperature depends principally upon tin* 

pressure of steam carried in the boilers, maintain 
a steam pressure of not loss than 80 pounds at. all 
times; it may range as high .as 100 pounds. 'Pin* 
higher the temperature with its relatively high 
humidity the more rapidly the drying will be ac- 
complished. 

4. Since air circulation is as essential as the pro|>er d(*gre<* 

of heat, and as its contact with the material to b<» 
dried depends upon its free circulation, it is nec- 
essary that the dampers for its admittance into, 
and its exit from, the drying room bo efficiently 
and properly operated. Successful drying cannot 
be accomplished without ample and free circular 
tion of air at all times during the drying process. 

If the above basic principles are carefully noted and 
followed out, and good common sense used in the handling 
and operation of the kiln apparatus, no serious difficulties 
should arise against the successful drying of ^e xnaterials 
at hand. 



TYPES OF DRY KILNS 


196 


Choice of Drying Method 

At this point naturally arises the question: Which of 
the two classes of dry kilns, the “Moist-air” or “Blower” 
kiln is the bettor adapted for my particular needs? 

This must be determined entirely by the species of 
wood to be dried, its condition when it goes into the kiln, 
and what kind of finished product is to be manufactured 
from it. 

Almost any species of hardwood which has been sub- 
jected to air-seasoning for three months or more may be 
dried rapidly and in the best possible condition for glue- 
jointing and fine finishing with a “Blower” kiln, but green 
hardwood, direct from the saw, can only be successfully 
dried (if at all) in a “Moist-air” kiln. 

Most furniture factories have considerable bent stock 
which must of necessity be thoroughly steamed before 
bending. By steaming, the initial process of the Moist- 
air kiln has been consummated. Hence, the Blower kiln is 
better adapted to the drying of such stock than the Moist- 
air kiln would be, as the stock has been thoroughly soaked 
by the prelimintiry steaming, and all that is required is 
sufficient heat to volatilize the moisture, and a strong 
circulation of air to remove it as it comes to the surface. 

The Moist-air kiln is better adapted to the drying of 
tight cooperage stock, while the Blower kiln is almost 
universally used throughout the slack cooperage industry 
for the drying of its products. 

For the drying of heavy timbers, planks, blocks, carriage 
stock, etc., and for all species of hardwood thicker 
than one inch, the Moist-air kiln is undoubtedly the 
best. 

Both types of kilns are equally well adapted to the dry- 
ing of 1-inch green Norway and white pine, elm, hemlock, 
and such woo^ as are used in the manufacture of flooring, 
ceiling, siding, shingles, hoops, tub and pail stock, etc. 

The selection of one or the other for such work is largely 
a matter of personal opinion. 
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Kilns of Different Types 

All dry kilns as in use to-day are tlivided as to method 
of drying into two classes: 

The “Pipe” or “Moist-wr” kiln; 

The “Blower” or “Hot Blast” kiln; 
both of which have been fully explaiiunl in a previous 
article. 

The above two classes are again sulHlivitieti into five 
different types of dry kilns as follows; 

The “Progressive” kiln; 

The “Apartment”. lain; 

The “Pocket” kiln; 

The “Tower” kiln; 

The “Box” kiln. 

The “Progressive” Dry Kiln 

Dry kilns constructed so that the material goes in at 
one end and. is taken out at the opi>osite (*nd are (‘alU'd 
Progressive dry kilns, from the fact that the material 
gradually progresses through the kiln from otu* stage* to 
another while, drying (see h'ig. 31). 

In the operation of the Progressive kiln, the material 
is first subjected to a sweating or steaming process at the 
receiving or loading end of the kihi with a low temjH'rHture 
and a relative high humidity. It then gradtially pro- 
gresses through the kiln into higher tont|Mtraf ur<*s and 
lower humidities, ' as' well as changes of air eireulntion, 
until it reaches the final stage at the <lischargQ end of the 
kiln. ’ . ' 

Progressive kilns, in order to produce the most satis- 
factory results, especially in the drying of hardwoods or 
heavy softwood timbers, should be not less than 100 feet 
in length (see Fig. 35). 

In placing this t3np« of kUn in operation, the following 
instructions should be carefully followed: 

When stream has 4^n turned into the heating ooUe, and 
the, kfin. is fairly warm, place the firet oar of material to 
be dried in the 4yyifig,aPoom--^i^ in the mom- 
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ing — about 25 feet from the kiln door on the receiving 
or loading end of the kiln, blocking the wheels so that it 
will remain stationary. 

Five hours later, or 


about noon, run in the 
second car and stop it 
about five feet from the 
first one placed in the 
drying room. Five 
hours later, or in the 
evening push car num- 
ber two up against the 
first car; then run in 
car number three, stop- 
ping it about five feet 
from car number two. 

On the morning of 
the second day, push 
car number three 
against the others, and 
then move them all 
forward about 25 feet, 
and then run in car 
number four, stopping 
it about five feet from 
the csir in advance of 
it. Five hours later, or 
about noon, run in car 
number five and stop 
it about five feet from 
car number four. In 
the evening or about 
five hours later, push 
these cars against the 
ones ahead, and run in 



loaded car number six, stopping it about five feet from the 


preceding car. 


On the morning of th& third day, move all the cars for- 


ward about dx feet; then run in loaded car number seven 


and stop it about four feet from the car preceding it. 
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Five hours later or alK>ut noon push this car against tinme 
in advance of it, and run in loiulcd car miinlK'r cigiit, 
moving all cars h>rwar<l almut six htci, and continue* in 
this manner until the full complement <»f curs iiuve* been 
placed in the kiln. When the kiln has Imh'U filhHl, re- 
move car number one aiui push all the remaining cars 
forward ami run in the next ioatled car, and continue in 
this manner as long as the kiln is in o{M*ration. 

As the temperature depends principally upon tlu* pres- 
sure of steam, maintain a steam pressure* of not Ii*hs than 
80 pounds at all times; it may range up to as high as 100 
pounds. The higher the temix'ratttre with a r«*lativt*ly 
higher humidity the more rapitily the drying will b<* a<*- 
complished. 

If the above instructions are carrie<l out, the tt*mper- 
atures, humidities, ‘and air circulation properly nianii)- 
ulated, there should be complett^ success in the hantlling 
of this type of dry kiln. 

The Progressive typo of dry kiln is a<lai>ted to such lim*s 
of manufacture that have large ({uantities of material to 
kiln-dry where the species to be <lrie<l is of a similiar 
nature or texture, and <ioos not vary to any great t‘xt<*nt 
in its thickness, such, for instance, as: 

Oak flooring plants; 

Maple flooring plants; 

Cooperage plants; 

Large box plants; 

Furniture factories; etc. 

In the selection of this kind of dry kiln, consideration 
shoxdd be given to the question of ground space of sufficient 
length or dimension to accomodate a kiln of proper length 
for successful dr3ring. 

The “Apartment” Dry "KShi 

The Apartment syetem of dry kilns are primarily de- 
signed for the drying of different kinds or sises of material 
at the same time, a separate rooni or apartment being 
wroted to ^oh fiqpeoies or sise ^en the quantity is suf- 
(see Fig. $6) ^ 
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These kilns are sometimes built single *or,, in batteries 
of two or more, generally not excee(hng'''4Q^/afe^ 
in length with doors and platforms at both 
as the Progressive kilns; but in operation each kiln is 
entirely filled at one loading and then closed, and the 
entire contents dried at one time, then emptied and again 
recharged. 

Any number of apartments may be built, and each 
apartment may be arranged to handle any number of cars. 





Fig. 3(5, Kxtc^rior View of Six Apartnusnt Dry Kilns, each 10 Fcot wide by 
52 long, End-wise Piling. They are entirely of firc-firoof construc- 
tion and equipped with double doors (Ilusscsy asliostos outside and 
canvas inside), and arc also equipped with humidity and air control 
dampers, which may l )0 oporatecl from the outside without opening 
the kiln doors, which is a very good feature. 

generally about three or four, or they may bo so con- 
structed that the naaterial is piled directly upon the floor 
of the drying room. 

When cars are used, it is well to have a transfer car at 
each end of the kilns, and stub tracks for holding cars of 
dry material, and for the loading of the unseasoned stock, 
as in this manner the kilns may be kept in full operation 
at all times. 

In this type of dry kiln the material receives the same 
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treatment and process that it would in a ProgreKHivc* kiln. 
The advantages of Apartment kUns is manifest wltore 
certain conditions re<iuire the drying of nunu^nnis kinds 
as well as thicknesses of material at one and the same time. 
This method permits of several slu>rt drying rtx>ms or 
apartments so that it is not necessary to mix hardwoods 
and softwoods, or thick and thin material in the same kiln 
room. • 

In these small kilns the circulation is under perf^x't 
control, so that the efficiency is eciual to tliat t»f tl»e nu»r<* 
extensive plants, and will readily appeal to manufaeturc'rs 
whose output calls for the prompt an<l <‘onstant st^asoning 
of a large variety of small stock, rather than a large volume 
of material of uniform size and grade. 

Apartment kilns are recommended for indust rit^s where 
conditions require numerous kinds and thiekm^sses of 
material to be dried, such as: 

Furniture factories; 

Piano factories; 

Interior woodwork mills; 

Planing mills; etc. 

The “Pocket” Dry Kiln 

“Pocket” dry kilns (see Fig. 37) arc generally built in 
batteries of several pockets. They have the tracks l<‘v<‘l 
and the lumber goes in and out at the same end. Kach 
drying room is entirely filled at one time, the mait^rial is 
dried and then removed and the kiln again recharged. 

The length of “.Pocket” kilns ranges generally fronj 
14 feet to about 32 feet. 

The interior equipment for this type of dry kiln is 
arranged very similiar to that used in the Apartment 
kiln. The heating or radiating coils and steam spray 
jets extend the whole length of the drying room, and are 
arranged for the use of either live or exl^ust steam, as 
desired. 

• Lxasmuch as Pocket •kib3s have doors at one end only, 
this feature eUminat|M a certain amount of door exposure, 
which isonckumsiiowsa^ eoondiny In operatloii;. 
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In operating Pocket kilns, woods of different texture 
and thickness should be separated and placed in dif- 
ferent drying rooms, and each kiln adjusted and operated 



to accommodate the peculiarities of the species and thickness 
of the material to be dried. 

Naturally, the more complex the conditions of manu- 
facturing wood products in any industry, the more dif- 
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ficult will be the proper drying of sainc. Ptwket kilns, 
are, therefore, recommended for factoricH having Hoveral 
different kinds and thicknesses of material to dry in smidl 
quantities of each, such as: 

Planing mills; 

Chair factories; 

Furniture factories; 

Sash and door factories; etc. 

The «Tower*» Dry Kiln 

The so-called “Tower” dry kiln (see Fig. 38) is tie- 
signed for the rapid drying of small in tiuantilit's. 

Although the general form of construct ioit and liie tuipacity 
of the individual bins or drying rooms may vary, the* same 
essential method of operation is common tt> tUl. 'I'hat is. 
the material itself, such as wooden novc*lties, loom* slavt‘s, 
and heading for tubs, kits, and pails, for box sttifT. kindling 
wood, etc., is dumped directly into the tirying rooms 
from above, or through the roof, in such ({uanlitit^s ns 
effectually to fill the bin, from which it is finally n*int»vt‘d 
when dry, through the doors at the. bottom. 

These dry kilns arc usually operated as *' Blower” kilns, 
the heating apparatus is generally located in a sepnrnte 
room or building adjacent to the main stnictun^ or drying 
rooms, and arranged so that the hot air discharged through 
the inlet duct (see illustration) is thoroughly distributed 
beneath a lattice floor upon which rests the mat<Tial to 
be dried. Through this floor the air passes <Hreetly ui^- 
ward, between and around the stock, and finally returns 
to the fan or heating room. 

This return air duct is so "arranged that by means of 
dampers, leading from each drying room, the air may l>o 
returned in any quantity toHhe fan room where it is mixed 
with fresh air and again used. This is one of the main 
features of ecomony of the blower system of drying, aa 
by the employment ,of this return air system, considerable 
saving may be xnade in the amount of steam required for 
drying. . * 

The lattice floors in -ttoi dry IcUa are built on 
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38. Exterior and Sectional View of a Battery of Tower Dry Kilns, This is the '^Blower” or “Hot Blast” type, and 
shows the arrangement of the fan blower, engine, etc. This type of dry kiln is used principally for the seasoning of 
snrudl, loose material. 
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an incline, which arrangement materially IcHnens the cost, 
and increases the convenience with which the (irit^l stock 
may be removed front the bins or drying nKtnts. 

In operation, the material is conveyed in ears <»r trucks 
on an overhead trestle - ■ which is inclc)se<i - - from which 
the material to be drietl is dumped directly into the <lryiiig 
rooms or bins, through hoppers arrange<l for that inirposcs 
thereby creating considerable saving in the hundliiig «»f 
the material to l>o dried into the kiln. The entire ar- 
rangement thus secures the maximum capacity, with a 
minimum amount of floor space, with the lt>ast ex]M‘ns(>. 
Of course, the higher these kilns are built, the less r<*lative 
cost for a given result in the aniount of itiateriai dried. 

In some instances, these kilns are built less in height, 
and up against an embankment so that tenmloiids of 
material may be run directly onto the roof of the kilns, and 
dumped through the hoppers into the drying nsnits or 
bins, thus again reducing to a minumim tlie cost ttf 
this handling. 

The return air duct plays an importattt part in l>oth of 
these methods of filling, permitting the air to become 
saturated to the maximum dcsire<l, and titilising much 
of the heat contained therein, which would otherwise 
escape to the atmosphere. 

The “Tower" kiln is especially adapted to factories 
of the following class: 

Sawmills; 

Novelty factories; 

Woodenware factories; 

Tub and pail factories; etc. 

The “Box” Dry KUn 

The “Box" kiln shown in Figure 89 is an exterior view 
of a kiln of tl^ type which is 20 feet wide, 19 feet deep, 
and 14 feet high, which is the sise generally used when 
the space will permit. 

Box kilns are used mostly where only a small quantity 
of material is to be dried. They aare not equippM wltlb 
trucks or cars, the materiitl td be dried beinTpi^^ a 
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raised platform inside the dr3ring room. This arrange- 
ment, therefore, makes them of less cost than the other 
types of dry kilns. 

They are particularly adapted to any and all species 
and size of lumber to be dried in very small quantities. 



Fig. 39. Kxt^Tior view of t.h(% Box Dry Kiln. This particular kiln is 20 foet 
wide, 19 deep and 14 feet high. Box kilns are used mosily whore 
only a Hinnll amount of kiln-dried lumber of various sizes is reejuired. 
l'h<*y are not o(iuipped with trucks or cars, and therefore cost less to 
construct than any other tyi)c of dry kiln. 

In these small kilns the circulation is under perfect 
control, so that the efficiency is equal to that of the more 
extensive plants. 

Those special kilns vdll readily appeal to manufacturers, 
whose output calls for the prompt and constant seasoning 
of a large variety of small stock, rather than a large volume 
of material of uniform size and grade. 



SECTION XIII 

DRY KILN BPKCUALTIKH 


KILN CARS AND METHOD OF liOADINO 

Within recent years, the edge-wise piling <»f lumber 
(see Figs. 40 and 41), upon kiln cars htis met witli eon- 
siderable favor on account of its many advantages ov(>r 
the older method of flat piling. It lias be(*n i>rov(*n that 
lumber stacked edge-wise dries more uniformly and rapidly, 



Slg. 40. Car Loaded with Lumlier on ita Edfctw liy tho Autonintif Ktarkt*r, 
to go into the Dry Kiln oroas-wiae. I^uip|)ed with two tnlgi* {niing 
kiln truoka. 

and with practically no warping or twisting of the material, 
and that it is finally discharged from the dry kiln in a 
much bette? and brighter condition. This method of 
piling also considerably increases the holding and con- 
^quent drying capacities of the dry kiln by reason of the 
increased carrying capacities of the kiln cars, and the 
shorter- period of time required for drying the mateicisi 
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In Figures 42 and 43 are shown different views of the 
automatic lumber stacker for edge-wise piling of lumber on 
kiln cars. Many users of automatic stackers report that 



Fir. 41. <’ar L()iulo<l witli Liitnhcr <>n its Edges by tho Aatomatic fitackor, 
to go into tho Dry Kiln oml-wiso. Tho hunks on which the lumber 
r«*sfH an* <*hannol sUvl. TIjo end sockets are malleable iron and mode 
for I-be<un Ht4ik(‘s. 

the gnulo of their lumber is raised to such an extent that 
the system would be profitable for this reason alone, not 
ttiking int.o consideration the added saving in time and 
lalior, which to anyone’s mind should bo the most im- 
portant item. 

In operation, the lumber is carried to these automatic 
stattkers on transfer <*,hains or chain conveyors, and passes 
on to the stacker table. When the table is covered with 
boartls, the “lumber” lever is pulled by the operator, 
which raises a stop, preventing any more lumber leaving 
the chain conveyor. The “table” lever then operates 
the friction drive and raises the table filled with the boards 
to a vertical position. As the table goes up, it raises the 
latches, which fall into place behind the piling strips that 
had been previously laid on the table. When the table 
returns to the lower position, a new set of piling strips 
are put in place on the table, and the stream of boards 
which has been accumulating on the conveyor chain are 
again permitted to flow onto the table. As each layer of 
lumber ia addetd, the kiln car is forced out against a strong 



Fig. 42. The altove ilhiHtmtion kIuiwh the e(*iMtrti('lit>n of tlu> .\<ttoiimti«* 
Lumber Stacker for edge piling of lunil)er to go into tiu* <iry kthi etul- 
wiao. 



Fig. 43. 1^ abov».ijlusl»tlqin shoiTnt tiM ocMoatmioUcNa of (ho AuUmuttie 
Lwber StadBer for odg* pftbag of hnabor to •» ibto tte dry kdifai btoi 

Wise. , , 
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I 'ip;. 44, The above illuHtrat.ion hHowh a batt ery of Throe Automatic Lumber 

Stiac.kerH. 



Fig. 45. The above illustration shows another battery of Three Automatio 

Lumber Stackers. 
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Fig. 46. Oars Ijoudod with huinln'r on ilH 1«2(1 ki>h )>y tiu> Atitonmlir LuttilMtr 

fc?tjvckt‘rH. 


After leaving the dry kilns, tine loadtnl ear is transft'rnnl 
to the imstacker (sec Fig. 47). Hero it is ptac'cd <>n tlic 
unstacker cax which, by means of a tension devit^e, holds 
the load of lumber tight against tlie vertical frame* of t he 
unstacker. The frame of the unstacker is triangular 
and has a series 6f chains. Each chain has t wo K{>f*cial 
links with projecting lugs. The chains all travel in unison. 
The lug links engage a layer of boards, sliding tho entire 
layer vertically, arid the boards, one, at & time, fall over 
tire t<^ of the unstacker frame onto "the inclined table, 
and from there onto conveyor chains from which they 
may be delivered to any point desired,, depending upon 
tire length and direction of the chain conveyor. 

With these unstaokers one man osm eiguiy unload a 
kiln ‘car...in twenty minutes or less. 

The experienoa of many users prove that these edge 
stacking naaohines are not alike. This Is important^ 
because there is one feature of edge etaoking that must 
not be over^oked. Unless each layer of boards is foreadr 
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Fig. 47. 'ri>« IiUiiit><>r UiiH(.a(‘k«‘r (lar, iiwkI for unlotuUug cars of Lumber 

lou<U‘(l by the Autoinatio Stacker. 



Fig. 48. 11 m Lumber Unstiboker Oar and Unataoker, used for unloading 
Lumber loaded by the AutoMtio Stacker. 
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into place by power and held under a strong presHun^, much 
slack will accumulate in an entire loatl, and the sulwetiuent 
han dling of the kiln cars, and the effect of the kiln-drying 
will loosen up the load until there is a tendency for the 
layers to telescope. And unless the boards arc held in 
place rigidly and with strong ]>rcHsure they will have a 
tendency to warp. 

A kiln car of edge-stacked lumber, pro|>erly piled, is 
made up of alternate solid sheets of lumber and vertical 



Fig. 49. Tho above ilhwtration nhowii inothod of loaditiK kiln (*nrH with 
veneer on ita odgoH by tlio two of tho Tilting PIntfonii. 

open-air spaces, so that the hot air and vapors rise naturally 
and freely through the lumber, drying both sides of the 
board evenly. The distribution of the heat and moisture 
bei^ even and uniform, the drying process is naturally 
quickened, and there is no opportunity or tendency for 
the lumber to warp. 

In Figure 49 will be seen a method of loading kiln oars 
with veneer on edge by the use of a tilting platform. On 
the light of the illustration is seen a partially loaded kiln 
oar to ^ ^ degrees, to facilitate the pladiBg 
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of the veneer on the car. At the left is a completely 
loaded car ready to enter the dry kiln. 

Gum, poplar, and pine veneers are satisfactorily dried 
in this manner in from 8 to 24 hours. 

In Figure 50 will be seen method of p iling lumber on 
the flat, “cross- wise” of the dry kiln when same has three 
tracks. 



Fig. 50. Method of TiOadiug lumber on its Flat, croBH-wiso of the Dry 
Kiln when «ame has Three Tracks. 


In Figure 61 will be seen another method of piling lum- 
ber on the flat, “cross- wise” of the dry kiln when same 
has three tracks. 

Ill Figure 52 will be seen method of piling lumber on the 
flat, “end-wise” of the dry kiln when same has two tracks. 

In Figure 53 will be seen another method of piling lum- 
ber on the flat, “end-wise” of the dry kiln when same has 
two tracks. 

In Figure 54 will be seen method of piling slack or tight 
barrel staves “cross-wise” of the kiln when same has three 
tracks. 

In Figure 65 will be seen another method of piling slack 
or tight barrel staves “cross-wise” of the dry kiln when 
same has three tracks. 

In Figure 56 will be seen method of piling small tub or 
pail staves “cross-wise” of the dry kiln when same has 
two tracks. 

In Figure 67 will be seen method of piling bundled staves 
cross-wise^’ of the dry kiln when same has two tracks. 
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Pig. SI. Method of lomling LtnolKT on itH M«t, fronH-wiw of fhi- Drv Kiln 
whon wuuo him Tlm*o Trarkn. 
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Pig. 53. Method of loading Lumber on its Flat, end-wise of the Dry Kiln by the Use of the 

Double-sill Truck. 
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In Figure r)8 will be seen metlMKl of piling shingles “eross- 
wise” of dry kiln when same Inis thret* tnieks. 

In Figure 50 will l>e stM*n another inethml of piling 
shingles “cross-wise” of the dry kiln when same has thret* 
tracks. 



Kg. fiR. MpUukI of loailtng Kiln Oar with FShingU'M rroxH-winc i*f l>r,v Kiln. 
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In Figure 60 will be seen method of piling shingles “end- 
wise” of the dry kiln when same has two tracks 

In Figure 61 will be seen a kiln car designed for hfl.nrning 
short tub or pail staves through a dry kiln. 



Fift. ()0. Car loaded with 100,000 RhinglcFi. Kquipped with four long end- 
wise piling trucks and to go into dry kiln ond-wise. 



Fig. 61. Kiln Car designed for handling Short Tub or Pail Staves through 

a Dry Kiln. 
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In Figure 02 will bo «een a kiln ear (lc»iguod for shor 
piece stock through a dry kihii. 

In Figure 03 will bo seen a tyi)e of truck designed fo» 
the handling of stave bolts tUniut a stave mill or thro ,gh 
a steam box. 

In Figure 04 will Iw seen another tyix'i of truck ilesigned 
for the handling of stave bolts about a stave mill or thn>ugh 
a steam box. 

In Figure 05 will l )0 seen another ty|x* of truck designed 
for the handling of stave bolts alxjut a stave mill or through 
a steam box. 

In Figure 06 will be seen another tyi>e of truck designed 
for the handling of stave bolts about a stiivft mill or through 
a steam box. 

In Figure 07 will be seen another type of truck <lesigncd 
for the handling of stave bolts about a stave mill or through 
a steam box. 

In Figure 08 will be seen another typi’* of truck dtssignixl 
for the handling of stave bolts about a stave mill t r through 
a steam box. 

In Figure 09 will be seen the Regular 3-rail 'fransh'r 
Ctur designed for the hamiling of 2-rail kiln cars whitdi 
have been loaded “ end-wise.” 

In Figure 70 will be seen another type of Regular 3-rail 
Transfer Car designed for the haiulling of 2-rail kiln cars 
which have been loaded “end-wise.” 

In Figure 71 will bo seen a Specially-<lesigne<l 4-rail 
Transfer Car for 2-rajil kiln cars which have been built 
to accommodate extra long material to bo drie<l. 

In Figure 72 will bo seen tho Regular 2-rail Transfer 
Car designed for tho handling of 3-rail kiln cars wlxich have 
been loaded “cross-wise.” 

In Figure 73 will be seen another type of Regular 2-rail 
Transfer Car designed for the handling of 3-rail kiln cars 
which have been loaded “cross-wise.” 

In Figure 74 will be seen the Regular 2-rall Underslung 
t:pe of Tra^fw Car deingned for the handling of 3-rail 
kiln oars which have been loaded “orosa-wise.” Two im- 
portant features in the eonstryiotilon this transfer ear 
make it extrexnely easy ia its operation. Xt has extra large 
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Fig. 69. A Begulftr S-Ilail Tnntfw Tmok. 
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Fig. 70. A llcgulax 3-liail Transfer Truck. 



Fig. 71. A Special 4-llail Transfer Truck. 



Fig. 72. A Regular 2-Ilail Transfer Truck. 
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Fig. 76. AB«gulw84Ufl'm<iwiluacT^«rI^ 
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wheels, diameter 13^ inches, and being underslung, the 
top of its rails are no higher than the other types of transfer 
cars. Note the relative size of the wheels in the illustrar- 
tion, yet the car is only about 10 inches in height. 

In Figure 75 will be seen the Regular 3-rail Underslung 
type of Transfer Car designed for the handling of 2-rail 
kiln cars which have been loaded “end-wise.” This car 
also has the ixnportant features of large diameter wheels 
and low rail construction, which make it very easy in its 
operation. 



Fij?. 70. A Special 2-ltail Flexible I'ninsfcr Truck. 


In Figure 76 will be seen the Special 2-rail Flexible 
type of Transfer Car designed for the handling of 3-rail 
kiln cars which have been loaded “cross-wise.” This car 
is equipped with double the usual number of wheels, and 
by making each set of trucks a separate unit (the front 
and rear trucks being bolted to a steel beam with malleable 
iron connection), a slight up-and-down movement is per- 
mitted, which enables this transfer car to adjust itself to 
any unevenness in the track, which is a very good feature. 

In Figure 77 will be s6en the Regular Transfer Car de- 
signed for the handling of stave bolt trucks. 

In Figure 78 will be seen another type of Regular Trans- 
fer Car designed for the handling of stave bolt trucks. 

In Figure 79 will be seen a Special Transfer Car de- 
signed for the handling of stave bolt trucks. 
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Fig. 77. A Re(<tilar TVmmfw (kr for hniuIIhtK Htnw HoH 'IVim’Iwi, 



Fig. 78. A Regular Tratuifor dor for haiulIiiiK Stave* TntrkM, 
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In Figure 80 will be seen the Regular Channel-iron 
Kiln Truck designed for edge piling “cross-wise” of the 
dry kiln. 

In Figure 81 wdll be seen another type of Regular Chan- 
nel-iron Kiln Truck desighed for edge pUing “cross-wise” 
of the dry kiln. 



Fig. 81, A E^alar C!hannel-iron Eiln Truck. 
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Ixx Figure H2 will be seen the Hegiilar ('haunel-iron 
Kiln Truck designed for flat piling “end-wise” of the dry 
kiln. 



1%. K2. A Upgiiliur C'hmtiu'l-inHk Kiln 'I'nirk. 



K3. A Iloffulnr (UtnnnoMron Kiln 'rrtick. 



Fig. 84. A Regular Singlo-fill or DoUy Kiln Truck. 


In Figute 83 will be seen the Regular Channel-Iron 
Kiln Truck with I-Beam cross-pieces designed for flat 
piling “end-wise” of the dry kiln. 

In Figure 84 wiU be seen the Regular Small DoUy lain 
Truck designed for flat piling “end-wise” of the dry 
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Different Types of Kiln Doors 

In Figure 85 will be seen the Asbestos-lined Door. The 
construction of this kiln door is such that it has no tendency 
to warp or twist. The framework is solid and the body 
is made of thin slats placed so that the slat on either side 



Pig. 86. An Aahestos-linod Kiln Door of tho Hingo Typo. 


covers the open space of the other with asbestos roofing 
fabric in between. This makes a comparatively light 
and inexpensive door, and one that absolutely holds the 
heat. These doors naay be built either swinging, hoisting, 
or sliding. 

In Figure 86 will be seen the Twin Carrier type of door 
hangers with doors loaded and rolling clear of the opening. 
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Fig. 80. Twill C'lurrior with Kiln Dwir ItMuhni tinil niliiiig t’h'itr of < )tK>miig. 



Kg. 87 . Twin Owxteg ]>oiim 18 1M> 85 VWt 
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In Figure 87 will be seen the Twin Carrier for doors 18 
to 35 feet wide, idle on a section of the track. 

In Figure 88 will be seen another type of carrier for kiln 
doors. 

In Figure 89 will be seen the preceding type of kiln door 
carrier in operation. 

In Figure 90 will be seen another type of carrier for 
kiln doors. 

In Figure 91 will be seen kiln doors seated, wood con- 
struction, showing 32*^ X 5 ^" inch-track timbers and 



Fig. 8H. Kiln Door Carrier engaged to Door Heady for lifting. 

trusses, supported on 4-inch by 6-inch jamb posts. “T” 
rail track, top and side, incHned shelves on which the kiln 
door rests. Track timber not trussed on openings under 
12 feet wide. • 

In Figure 92 will be seen kiln doors seated, fire-proof 
construction, showing 12-inch, channel, steel lintels, 2" X 2" 
steel angle muUions, track brackets bolted to the steel 
lintels and ‘‘T” rail track. No track timbers or trusses 
used. 
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iS. Kiln Duijf Carrier rilrown c»ii Doors «f \\ ood C^MB^ructim. 
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Fig. IX). Kiln Door ('ouniruction with Door Carrier out of Might. 



Fig. 01. K)1 a Door Construotiou. Doors Seated. Wood Construction. 
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TEMPERATURE FAHR. 





Sl'X’TION XIV 


HELIM^niL APIMiIAN(H^]8 IN 
KILN-DUVINU 

The Humidity Diagram 

SoMB .siinplo nu‘aiis of <i<‘t(‘rniining humidities and 
(duiiigcs in Iunni<Iity l)rouglit about, by changes in tem- 
IK'rature in the dry kiln without the use of taldos is almost 
a neec'ssity. 't’o nu‘et this retiuirement the United States 
Fon‘stry StTviet* has d(‘vis<‘<l th(‘ Humidity I Hagram shown 
in Figure 93. it dilT<‘i‘s in s(*veral respects from the hy- 
drodeiks now in us(*. 

Th(‘ purposi* of th{‘ humidity diagram is to enable the 
<lry-kiln op(*rator to d<‘t ermine (piickly the humidity con- 
ditions and vapor pr(‘ssure, as well as the changes which 
hike plac<‘ with <*hanges of temperat.ure. I’lie diagram 
above is a<iapt(‘d to the dir(‘ct solution of problems of 
this charaet(‘r witlnmt re(!ourse to tables or mathematical 
calculations. 

The huiniility diagram consists of two <listinct sots of 
curves on the sjune slnsd.. One s(^t, the convex curves, 
is for tl«* detcTmination of relative humidity of wet-and- 
dry-lmlb hygn»m(‘ter or i>sychrometer; the other, the con- 
cave curves, is d<‘rive<l from the vapor pressures and shows 
the amount of nu)iHture iH‘r cul)ic foot at ridative humidi- 
tiw aiul tem|)cratun's when rt‘a<l at the dew-point. The 
latter cunnw, therc^fore, are independent of all. variables 
affecting the wet-bulb readings. They are proportional 
to vapor proftsuroa, not to density, and, therefore, may be 
followed fr<»m one temiwraturo to another with correctness. 
The (dmrt daahes show the correction (increase or decrease) 
which is neoessary in the ndativo humidity, read from the 
convex eurvee, with an inoreaae or decrease fwm tlw normal 
barometric preaatire oi 80 indices ip/t which the curves 
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have, been plotttul. This eorreetion, e}c<*t‘pt f<»r very low 
tcmperaturcH, is so sniull that it may usually he disn'garded. 

The (mliuates, or vertical distane(‘s, are relative hu- 
midity expressctl in pere<‘nt of siituration, from 0 pta* eeut 
at the bottom to 100 per mit at the top. 'I'he ahs(*issue, or 
horizontal distances, are t<‘mperaturt‘s in dejir<‘t‘s Fjihrt'uheit 
from 80 degrt'es below zero, at the left , to 220 dt*Kr<‘<*s above, 
at the right. 

Examples of Use 

The application of the luimitlity diagram can h<*st be 
understood hy sample problems. 'riu*se probh'iits also 
show the wide range of conditions to which tin* diagram 
will apply. 

Kxampi.k 1. To find the relative Inunidity by usi* of wet- 
and-tlry-bull) hygroinet(*r or psyehroiueter: 

Place the insiTuuient in a strong ('inatlatiort of air, or 
wave it to and fro. Rend the t<*ni}>«‘rature of the dry bulb 
and the wet, and sul)tract.. Find on the horizontal liiu‘ 
the temiM‘ralur(v shown by the <lry-btdb (hernmnieter. 
Follow the vertieal Htu' from this point till it intersects 
with the convex curve mnrlo*d with the «iilTerenet* l>etwe<*n 
the wet an<l dry readings. Tlu‘ horizont.nl lini‘ passing 
through this intem'etion will giv<‘ the relativt* humi«lity. 

Kxample: Dry bulb 70", wc>t Indb (52 *, «lilTerem*i‘ 8". 
l<Hnd 70® on the horizontal line of t<*n»p<*ratun*. Folh»w 
\ip the vert.ieal line from 70" tndil it inierse<'ls with the 
convex curve marked 8". The hori/,»>ntnl line passing 
through this intersection shows the ndntive humidity to be 
04 por cent. 

ExAMPnM 2. To find how much wut.<‘r isw eubie foot is etin- 
tainod in the air: 

Find the relative humidity as in exampk" 1. 'Phen tin* 
nearest concave curve givtw the weight of water in grains 
per cubic f<K)t when the air is cooled to th(’ dew-point. 
Using the siun<( quantitiew fis in example 1, this will lw> 
slightly more than 0 grains. 

ExAwcptB 3. To find tho amotmt of water mpiinHl to saturate 
air at a given tomporaturo: 

Find on tho top lino (100 per cent humidity) tho jfivon 
tomporaturo; tho oonoavo curve interMooting at or near 
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IhiH point fiivort th<‘ nunilwr of grains per cubic foot. 
(Intori><>bito, if great iKMUiracy is desired.) 

ExAMi»nK 4. To find Uie dew-i)oiut: 

Obtain the ndative Immidity ju=i in exainplo 1. Then 
follow up parnlicd to the nearest (umcave cuiwo until the 
top horizontal (indicating 100 per ceixt relative humidity) 
is reach(‘<l. The t.(‘mp(xrature on this hoi'izoiiid line at 
the point i*<*ii(*he<l will be the dew-point. 

Example: Dry bulb 70", wet bulb 02®. On the vei-ti- 
c*al lin(‘ for 70“ find the intex’seetion with tlio hygi'omoter 
(convex) cxn‘V<* for This will be found at nearly 04 per 
cent relative humidity. Then follow up parallel with the 
vapor piH‘ssur<‘ (<*on<‘av<0 curve marked 5 gi-ains to its 
inf<*rH('ction at the top of the chart with the 100 per cent 
humidity line. 'Phis gives the dew-point as 57". 

Kxamiu^k o. 'I'o find t.h<‘ change in the relative humidity pro- 
tluced by a change in lemiK'rature: 

Examph*: The air at 70" Fahr. is foxmd to contain 64 
I>er cent hunxidity; whsit will Ikx its relative humidity if 
lx<‘a((*d to loO" Fahr.? Stax'ting fronx the intei’seetioxx of 
th<‘ designated hiunixlity an<l tenxperatui'o coordiixiites, 
fxxllow tin* vui>or-pr<‘.ssm'e xanwe (c.oixcavo) until it iixtei*- 
sects tin* 160" t<‘inp(‘ruture ordinate. The hox’izontal lino 
thexx i-<‘atls 0 jxer cent relative humidity. The sanxe opera- 
tion appli(‘s to i’(*<lu(*tions in temperature. In the above 
example what is th<‘. humidity at 0()"? Following parallel to 
tin* sanu* <‘xxrv<* in the opixosite direcdioix until it intersects 
tlxe OO" ortlinatxx gives 00 per ceixt; at 57° it becomes 100 
ixer <!c‘nt., n'aehing tixe d<xw-point. 

KxAM!*nK 0. To find the anxount of condensation produced by 
lowering the t<unpenitui*e: 

Example: At 150“ the wet hxilb roads 132". How much 
water wouhl Iw e<>n<l(‘ns<Hl if the temperature wore lowered 
to 70“? Tin* int<‘rse(ition of the hygrometer curve for 18" 
(1 50"- 132“) with temr>eratxire lino for 150" shows a rela^ 
tive humitlity of 00 per cent. The vapor-pressure curve 
(concave) followed up to the 100 per cent relative humidity 
line shows 45 grains ptxr cubic foot at the dew-point, which 
corresponds to a temperature of 130". At 70" it is seen 
tlxat the air can contain but 8 grains per cubic foot (satura- 
tion). (k>nsequently, there will bo condensed 45 minus 8, or 
37 grains per cubic foot of space measured at the dew-point. 
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FxAMin.K 7. To fitxl tlio amount of waft>r rociuircn! to priKhicn 
Huturution by a gtv(>n rint* in ti*uj|K*rulun*; 

Hxain|iIo: ’i'ak** tho vnhu'x givon in (‘xuntpU* a. Tla* nir 
lit. tla* ilt»w-{M)int t'ontaiiiH atiKiitly t»voi' a Kmins |a^r 

At li’rfK" it. ia <‘HpuI*U‘ <»f (’ontaining 7:{ KfainH par 
auliia ftjot. ('ons<‘<pu‘ntIy, 711 -a tW of wntar 

whifli aim Ja* avuporiitfal i«‘r aubu* foot of Kpuaa uf Uia 
daw-point whan tha tamiM*ratura in niiM‘d to laO'*. But 
tha hitant haat naainwiiry to prialnaa av:i|HU’ittii>n must !«» 
suppliad in luUlition to tlia h(>ut mptinni to raisi* tha air 
to 150’. 

ExAManK H. To find tha amount of watar avaporati'd during 
a fdvan ahanga of U*m|H*rHtura an<l Immidify: 

Exampla: At 70“ supiawa tha humidify is found to lia 
(W par cant and at. laO'* if is fouml to }«* t>f) par I’ant. How 
inuali watar has lK‘an avaiwiratad par auJiic* ftM»t of spaaa? 
At 70" tamiMTutura aiul 01 par aanf Immidify thara ara 
5 graiuK of watar prasant pt*r auhia foot at tlx* «iaw-p«»int 
(axampla 2). At ir>(r and 00 ptu* aant humidify than* an* 
45 grains prm‘nt. 'nian*fora, •l.’i'-o 10 grains of watar 

which Iiav(^ haan avaporatad iM*r auhia foot, of spat***, 
figuring all volumas at tha d(*w-point. 

Exampi.m 0. To aorra<‘t n'adings of tlia hygronu'tar for ahnng«*s 
in l>aromatri{< pn*ssun‘: 

A chang(> of prassum afTaats tha rauding of tha wc*t hulh. 
Tha. aiiart applies at a haronu‘tri(* pn*Hsuri* of 00 in<*hi*s, 
imd, axaaiit. for grant aa.a.uraay, no aorn*afion is ganarally 
noaossary. 

Fiml tha ndativa luunhlity as ustjal. '’l'hi*n hM>k for tha 
noarast liaromator Una (indiaaB'd l>y daslias). At- fhi* <*mi 
of ajiich iiaromatar Una will l)a fouml a fraction winch rapn*- 
sents tha proportion of tho ralativa iiumidity nlri*ady found, 
whiali must Ik) addad or suiitniatad for a (>hanga in hnro- 
matric prossura. If tha haromat.i*r reading is h‘SH than 
30 inohos, add; if greater tlian 30 im^ht's, sulitract. Tlio 
figures given are for a change of I inch; for oth<‘r changes 
use proportional amounts. Thus, for a alumga of 2 inciu*s 
\ise twice the indicated ratio; for Italf an inali turn half, 
and so on. 

Example: Dry bulb 67®, wet bulb fil®, liaromator 28 
inches. Tho relative humhUty is found, by the method 
given in examine 1, to equal 30 per cent. The barometric 
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line Kivw a viilno of T./lOOII for oaehinch of change. 

Hincu the barometer iw 2 inehoH below 30, multiply 
3/llK)H by 2, giving <)/l00H. The correction will, thcrc- 
foiv, bt‘ {>/l00 of 30, whieh e(iuul» 1.8. Since the barometer 
iH bi-ilow 30, tluH is to he atUletl, giving a con-ected relative 
humitliiy of 31.8 per cent. 

This has nothing to do with the vapor [wssure (concave) 
curves, whieli are in<lep(‘n(lent of harometric pressure, and 
coTise(iu«‘ntly thw's not alTc'et the solution of the previous 
problems. 

KxA.MenK 10. At. what temiH‘raturo nmst. the condenser be 
muintaim‘<l to pnalucc^ a giv(*n humulity? 

Example: S\ipposc‘ the ttnnpcn’ature in the <hying room 
is to ]«• k<‘i>t at loO" Fahr., and a luunidity of 80 per cent 
is diwn^l. If the humidity is in excess of 80 per cent the 
air must lx* eooIe<l to the «lew-point corresponding to this 
comlition (s<‘«* ('xample 4), which in this ease is 141.5°. 

Iltuice, if tlie <*ondens<‘r cools the air to this dew point 
tlu' nxiuired condition is obtained when the air is again 
heate<l to tlu* initial temperature. 

Examiu.k 11 . Ih'termination of relative humidity hy the dew- 
point : 

'Phe {plant ity of moist ur<‘ presinit aiul ri'lative humidity 
for any giviai tempi'raturc' may he <let(u-mined directly 
and accuratt'ly by finding the tU'w-iioint and applying the 
concavt* (vapor-pn'ssure) c.urv('s. This does away with 
t,h<’( ni'ct'ssity for tlu^ einjiirical convc'X inirves and wet- 
un<i-dry-bulb rt'atlings. To fiiul tlm d(‘w-i)oint some form 
of apparatus, consisting I'ssentially of a thin glass vessel 
(x)ntaining a thermomet^fr and a volatile li(pii<l, such as 
eth{‘r, may b(^ useid. Tim vessel is gradually cooled through 
tlu‘ evaporation of the liquid, acimlerateil by forcing air 
through a tube until a haze or dimness, <luc to condimsa- 
tion from the surrounding air, first apimars upon the brighter 
out{‘r surface of the glass. The Unnperature at which the 
haze^ first appears is tho <lcw-point. Heveral trials should 
Ixi mtule for this temperature determination, using the 
average temimraturo at which the haze appears and 
disapixiam. 

To determine the relative humidity of the surrounding 
air by means of the dew-point thus determined, find tho 
concave curve intersecting the top horizontal (100 per 
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mit n'lutivf humidity) lim* nouffnl tlu* dt‘\v-|Kntit f<‘m- 
IH'nvtun*. FoIUjw piiriiUol willi this rum* tilt it iiilt*rsc‘cts 
the vertical line n'prcscntins llu‘ temperutun* of (he sur- 
roumlin*!; air. Tlu» horiKontal line jKissinjai throti»?h this 
mtcwi*<'t ion will # 5 iv'<* llu' r<‘lative humidity. 

Kxample: Tt‘mp<‘rat un* of surixaindiuK air is 80; tU‘w- 
I>oint is ($1; n'lative humidity is .">:i jH‘r ctmt. 

The d<*w-is>in1. tletermination is, how<‘ver, not ns con- 
venient to make as the wet-aml-tlry-hulh hyKrona^ter 
readings. Thendore, thi‘ hygromett'r (<’onvex) curves are 
ortlinarily nmre us<>ful in didermining r«‘lative humit lilies. 

The Hygrodeik 

In Figure. 04 will be seen the Hygnaleik. 'riiis instru- 
ment is used to detentiine the ninount of moisture in the 
atmosphere. It is a v<‘ry useful instrunnuit, us tin* rf*udings 
may be taken direct with atuuiraciy. 

To find the relative humitlity in the atmosphere, swing 
the index hainl to the left of the chart, uinl adjust the 
sliding pointer to that <legree of the wet-bulb thermomet(‘r 
scale at which the mercury stainls. 'I'ln'ii swing the ind(‘x 
hand to the right until the sliding pointer intersi'cts the 
curved line, which extends downwards t«> tlu* left, from 
the degree of the dry-bulb th(^rmomet,(*r scab*, indiea(<*d 
by the top of the mercury column in tlu* dry-bulb tube. 

At that intersection, the indc’tx hantl will point, to the 
relative humidity on scale at bottom of (diart ( for (‘xamide 
see Fig. 94). Should the temperature itulicat(*d by the 
wet-bulb thermometer be (K) d<^gre<*s, aiul that of the* dry- 
bulb 70 degrees, the index hand will iiulicato humidity 
55 degrees, when the pointer rests on the int<‘i*secting 
line of 60 degrees and 80 degrees. 

The Recording Hygrometer 

In IPlguro 95 is shown the Recording Hygrotneter com- 
plete with wot and dry bulbs, two connecting tul«'>» and 
two recording pons and special moistening ih‘vice for 
supplying water to the wet bulb. 

TMs equipment is designed particularly f(>r ttso in con- 
nection with dry roomis and dry kilns and is arranged so 
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that tho rooordiiig iuHtrumont and the water supply bottle 
may be installed outside of the dry kiln or diying room, 
while tho wot and <lry bulbs are both installed inside the 



Stg. 04. Tho Hywrodoik. 


room or kiln at the point where it is desired to measure 
the humidity. This instrument records on a weekly 
chart the humidity for each hour of the day, during the 
entire week. 
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The Registering Hygrometer 

In Figure iHi is shown tlie Ilegistering llygromoier, 
which consists of two wpiKnally const met »•«! tht‘nntnnctt*rs. 
The special feature of tiie therniiometiw iK^rinits placing 



Fig. on. Th« Ho<><mlii\K IlygromoU'r, Coinploti* with \\ fl nnii Dry liiillw. 
Thi« itmiruitioiit r(«H»KlH on n wiM*kly chart the luuuitlity for ciich 
hour of tho dtiy, duriug tl»o ontim wtH*k. 

the instrument in the dry kiln without entering tht* drying 
room, through a small openhig, wheiti it Is l(‘.ft ft»r jibout 
20' minutes. 

The temperature of both the dry and w(»t bulbs are 
automatically recorded, and the outside temix'rtittiro will 
not affect the thermometers when removetl from the kihi. 
From these recorded temperatures, as shown wlien the 
instrument is removed from the kiln, th<» humidity can 
be easily determined from a simple form of chart whioh 
is fximished free by the makers with eaoh instrument. 
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The Recording Thermometer 
In Figure 97 is shown the Recording Thermometer for 
observing and recording the temperatures within a dry 
kiln, luul thus oi)taining a check upon its operation. This 



t'if'. 0t(. 'I'lu> HygroiiU'Uir. 



Kg. 97. The EooorcUag Thenaomoter. 
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iustrunicut w const riu'totl to rworti nut omul icjilly, upon 
a circular chart, the tcmpcnituros provuiUnf? within iho 
dryiuK room at all times of the tiny ami tUKht, ami s<*rvcM 
not only tus a moans of koopinj? an aocurato roconl <>f tho 
operation of the dry kiln, Imt as a valuahlo <*h<‘ck upon 

the attondant in oharKo of the tlrying 
pn>C(‘ss. 

The Registering Thermometer 

In figurt* tts is showtt th<* U(‘gistor- 
ing ThcrnM>m<*t<*r, whicit is a h*ss <‘x- 
ponsivo instrument than ll»at shown 
in Figure 1)7, hut. hy its lise th«* maxi' 




Tho HoKintorinR 
Thonnomotor. 


Flu. 90. Th«* ItmtniiiiK 
Pftwwrii ( tnu|{(‘* 


mum and minimum tomperaturos in the drying room 
during a given period can bo dotonninod. 


The Recording Steam Gattge 

In Figure 99 is shown the Recording Btoam PresBure 
Gauge, which is used for aoouratoly r€»cording the steam 
pressures kept in the boUers. This instrument may be 
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niounU^d u«ar the. boilers, or may bo located at any dis- 
tance n(ict‘ssary, giving a true and accurate record of the 
fliud-uations of tlie st(«km pnvssure that imiy take place 
wit.hin the boilers, and is a chock upon both the day and 
night boiler firemen. 

The Troemroid Scalometer 

In Figure’! 100 is shown the Troemroid Bcalometor. This 
instrumemt is a siwcial scale of extreme accuracy, fitted 



Fir. I(K). The I'roomrohl SraJornotor. 

with agate bearings with screw adjustment for balancing. 
The beam is graduat<Hl from 0 t() 2 ounces, divided into 
100 parts, each division representing l-50th of an oimce; 
and by using the pointer attached to the beam weight, 
the l~100th part of an ounce can be weighed. 

The percentage table No. II has a range from one half 
of 1 per cent to 30 per cent and is designed for use where 
ectromoly fine results are needed, or where a very small 
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amount of moisture is prestmt. 'I'abU* No. Ill nuiges 
from 30 per cent up tt> IK) per e<*«t. These instrunumts 
are in three models as tleserilK‘ti ls*low. 

MoDKn A. (One cylind<‘r) rauRtv from 3 of 1 js-r rent to ;K) 
IHircent jmd is to )>e us<h1 for testing imtistuiv etmteuts 
in kiln-driwl mui air-tlrie<l IitmlKT. 

Moi)«n B. (Two oylinders) nmi^^s fr«>m .J of I js'r eiait up to 
1)0 i»r cent ami is I .0 us»‘<I for testiuK the moisture 
contents of kiln-dried, air-tlried, uiul Kreen lumlier. 

Moimn C). (One cylimler) ranges from iiO i«*r cent t«» DOiht 
cent and is applicalde to grtnai hunln'r cwdy. 

Test Samples. "The grcteu hoanis anti all other hoanls 
intondcd for testing should be .seleettal from bojirds of fair 
average quality. If air-dried, sele<*t one about half way 
up the height of the pile of lumber. If kiln-dried, two 
thirds the height of the kiln ear. Do not r<*move tin* kiln 
car from the kiln until after the test. 'I'hree of four test 
pieces should be cut from near the middle of the cross- 
wise section of the board, aiul I to inch thick. !{<*- 
move the superfluous sawdust and splintt*rs. Wh(‘n the 
test pieces arc placed on the scale pati, be sun* tht‘ir weiglit, 
is loss than two ounces and more than 12 t>um*es. If 
necessary, use two or more brok<ui piece's. It is b(*tt<*r if 
the test pieces cun be (uit off on a fine band saw. 

Weighixig. — Set the base of th<» scale em a level stirfaee 
and accurately balance the scale Inniin. Btit tin* test 
pieces on the scale pan and note their wenght on tint lower 
edge of the beam. Set the indicator point on the hori- 
zontal bar at a number correwpondiug to this weight , which 
may be found on the cylinder at the top of the t^ible. 

Dry the test pieces on the Klectric Heater (Fig. 101) 
30 to 40 minutes, or on the engine cylinder twt» or three 
hours. Weigh them at once anti note the weiglit. Then 
turn the cylinder up and at the loft of it unth^r the small 
pointer find the number corresponding to this weight. 
The percentage of moisture lost is found directly untior 
pointer on the horizontal bar first mentioned. The lower 
portion on the cylinder Table No. II is an extension of 
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the upper portion, and is manipulated in the same mannoT. 
except that the bottom line of figures is used for the 
first weight, and the right side of cylinder for second weight. 
Turn the cylinder down instead of up when using it. 

Examples (Test Pieces) 

ModkIi a. Table No. II, Kiln-dried or Air-dried Lumber: 

If first weight is iK) J and the st^cond weight is 87, the cylinder 
table will show the board from winch the tost pieces were 
ttiken hatl a moisture conttnit of 3.8 per cent. 

Modkli B- Tables No. II and HI, Air-dried (also Green and 
Kiln-dried) Lumber. 

If the first weight on lower cyliix<lor is 97 and the second 
wxaght is 7{), the bible will show 21.6 per cent of moisture. 

Modku Table III, Green Lumber: 

If th<< first weight is 94 and the second weight is 51, the 
table shows 45.8 per cent of moisture. 

Keep Records of the Moisture Content 

Saw Mills. - " Should test and mark each pile of lumber 
when first piled in the yard, and later when sold it should 
bo again ttwted and t.ho two records given to the purchaser. 

Factories. — Should t.est and mai'k the lumber when 
first, received, an<l if pile<l in the yard to bo kiln-dried 
later, it- should be tested before going into the dry kiln, 
and iigain b<*fore Ix'ing removed, and these records placed 
on file for fut.ure reference. 

Kiln-dried lumber piled in storage rooms (without any 
heat.) will absorb 7 to 9 per cent of moisture, and even 
when so storoil should be testexl for moisture before being 
inanufacture<l into the finished product. 

Never work lumber through the factory that has mox'e 
than 5 or 0 per cent of moisture or loss than 3 per cent. 

Dry stortige rooms should bo provided with heating 
coils and prt>perly ventilated. 

Oak or any other species of wood that shows 26 or 30 
per cent of moisture when going into the dry kiln, will 
take lot^r to dry than it would if it contained 16 to 20 
per cent, therefore the importance of testing before putting 
into the kiln as well as when taking it out. 
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The Electric Heater 

In Kif?uw 101 i« shown tlu* Kh*ftrif Ihuitor. 'I’hw 
hcator is ospwially to <lry <{ui<*kly tlw tost 

for use in <*onn(‘(*ti<)n witli tho SnihmioftT (soo Kik- 1 00) 
without churring them. It may 1 m‘ attueht^d to any ehn'trio 



1%. 101. Tlw Kltvlrip Hi-iitiT. 

light socket of 110 volts direct or alternating current. A 
metal rack is provided to hoUl the test pu'ces vertically 
.on edgo. 

Turn the test pieces over once or twic<« while ilrjnng. 

It will require from 2t) minutes to one hour to nunove 
all the moisture from the test piece.s when planeil t>n this 
heater, depending on whether they are cut from gret'.n, 
air-dried, or kiln-dried boards. 

Test pieces cut from softwoods will dxy quicker than 
those cut from hardwoods. 

■ySHien the test pieces fail to show any further loss in 
weight, they are then free from all moisture conttmt. 
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GLOSSARY 

Abnormal. Differing from the usual stnicturo. 

Acuminate. TuiK^riug at th(% eiul. 

Adhesion. Tho union of in(‘nilK‘rH of (lifToront floral whorls. 

Air-seasoning. Tho drying of \v<m)(1 in tho opcsn air. 

Albumen. A naino ai)i)li(‘d to tho f(jod store laid up outside the 
embryo in many w'ods; also nitrogtmous organic matter 
found itt plants, 

Albumam. Sapwood. 

Angiosperms. Thow plant4< which l>oar their wheels within a 
jx^ricarp. 

Axmual rings. The layers of w(kxI which are iuldcd annually to 
the lre(‘. 

Apartment kiln, A drying arrangement of one or more rooms 
with op<*nings at each end. 

Arborescent. A tn‘(‘ in size and habit of growth. 

Baffle plate. An obstruction to deflect air or other curi'cnts. 

Bastard cut. 'I'angi'iitial cut.. Wood of inferior cut. 

Berry. \ fruit. whos<* <‘ntir<^ jx‘ricarp is succulent. 

Blower kiln. A <lrying arrang(‘mcnt in which tho air is blown 
thnmgh heating coils hito the <Irying room. 

Box kiln. A small s(Juar(^ h<>ating room with oiwnings in one end 
only. 

Brittleness. .\pt ness to break; not tough; fragility. 

Burrow. A sludbT; ins<u*t’s hoh» in the wood. 

Calorie. ITjiit of heat; amount of heat which raises the 
t(anix‘rattire. 

Calyx. The out(‘r whorl of floral envelojxjs. 

Capillaiy. A tulx* or vess(d extremely fine or minute. 

Case-harden. A condition in which tho pores of the wood are 
eloHtxl and the ouUir surface dry, while tho inner portion is 
still wet or unseasoned. 

Cavity. A hollow place; a hollow. 

Cell. One of the minute, elementary structures comprising tho 
greati^r part of plant tissue. 

Cellulose. A primary oell-wall substance. 
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Checks. HuwUl chinks* t»r crurks hy the* ntittnri* c»f the 

wchkI fU»r«*H, 

Cleft. OtM'niitK lauih* hy Hplittinic: tUvitht}, 

Coarse-grained. WihkI U l•(lnm*-Krnilll‘li %Nh»*n thi* uitntml rinipj 
ar<* whU* nr fur uixirt. 

Cohesion. Tin* utikm <>f m«*mls<*rM ni th«* satiM* ttliur!. 

Contorted. TwtHt«*«l ltsfii*tln‘r. 

Corolla. Tht* inner wlnsrl <>f Iksrnl e*nve‘l»>jM*s. 

Cotyledon, thw* t>f the iwertH i>f the enihryo |H*rf««rniiiin in psirl the 
funetitm <>f u l<*af, hut iwimlly see'fvinjs; ns* n etnrelnmw* nf ftuHl 
for tlu* tieveksping plant. 

Crossers. Narrow wtHalen atripH uat'ii to wpjirate the ntsiferial on 
kiln cant. 

Cross-grained. \V<km 1 in erosse-grainetl when its film's are spiral 
or twist t*tl. 

Dapple. An exagftt'rafetl form of mottle. 

Deciduous. Not persistent; applietl ft* leavi*s that fall in auttimn 
an<l to calyx anti eorolhi when fh«*y fsill tsfV hef»m* ihi* frtjit 
tlcvelops. 

Definite. Limited or defined. 

Dew-point. Tiie point at which water is tlt‘posite«l from nmisturt*- 
UmIcu air. 

Dicotyledon. A plant whosts <*mhry«s 1ms two oppositi* e«»tyl«*dons. 

Diffuse. Widely spreading. 

Di^. A ciroular, flat, thin pieee or staditm of tin* tree. 

Duramen. Xieuriwootl. 

Embryo. Applied in botany to the tiny plant wit Inn the seed. 

Enchinate. Basest with prickles. 

Eityansion. An onlargoment iwsross tin* grain f>r lengthwise of tlm 
wood. 


Fibres. Tho throad-like portion of the itsstie of wikkI. 

Fibre-saturation point. Tho amount of mesist ure wtani will im- 
bilns, usually 2.*) to 30 por wuit of its tiry-wtHsl wtsight. 

Figure. Tho broad and dot»p mtHluUary mya tui in oak ttltowing 
when tho tunl)or ia cut into hoanls. 

Filament. Tho stalk which suptmrtH tho anthor. 

Fine-grained. Wood is fino-grained when tXm annual ringa aro 
close together or narrow. 

Oermination. Tho sprouting of a seed. 

Girdling. To make a groove around and throufd^ tho i>ark trf a 
tree, thus killing it. 
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Glands. A socn^iiiig or structure; a protuberance having 

the appearance of hvk'Ix an organ. 

Glaucous. ( 'ovcred or whifenod with a bloom. 

Grain. Direel ion or arrang(*incnt of the fibres in wood. 

Grubs, 'rhe larvatx of woo(l-d<‘stroying insects. 

Gynmospenns. Planls b(*aring miked steeds; without an ovary. 

Habitat. Tin* gt'ographi<ial mnge of a plant. 

Heartwood. 'I'he e<‘nt.ral portion of tree. 

Hollow-homing. Internal chetiking. 

Honey-combing. Intx'mal elu'cking. 

Hot-blast kiln. A drying arrangenu‘nt in which the air is blown 
through heating coils into the <lrying room. 

Humidity. Datnp. moist. 

Hygroscopicity. Tlu' proiK*rty of readily imbibing moisture from 
the atmosphere. 

Indefinite. Appli(*<l to petals or other organs when too numerous 
to lx* c(mv<*nientty counttnl. 

Indigenous. Native* to (he <‘ountry. 

Involute. A form of vi'rnation in which the leaf is rolled inward 
from its edgi‘s. 

Kiln-drying. Drying or stniscmiug of wood ly artificial heat in an 
inc.h».S(‘d room. 

Leafiet. A singh* division of a compound leaf. 

Limb. The spr<*ading portion of the (.hk*. 

Lumen. Int<‘rnul spact* in the spring- and summer-wood fibres. 

Median. Situate<l in the mhUlIe. 

Medulla. 'Hie pith. 

Medullary rays. Hays of fuiultunental tissue which connect the 
pith with the bark. 

Membranous. 'Phin and rather soft, more or loss translucent. 

Midrib. TIw central or main rib of a loaf. 

Moist-air kiln. A drying arrangoment in which the heat is taken 
from radiating coils ioeat<ul inside the drying room. 

Mottle. Fignro transverse of the fibres, probably caused by the 
action of wine! u|K»n the tree. 

Hon-porous. Without pores. 

Oblong. Considerably longer than broad, with flowing outline. 

Obtuse. Blunt, rounded. 
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Oval. BroiwUy olHptifjil. 

Ovaiy. Tht‘ part «>r tin* pi^ti! that rontuiits thi* oviili*)*. 

Parted. <’Icft m*sirly. but t»<»f <|uit<* <u tin* bnw* nr luuirib. 

Pare&chyxna. Short coIIk couHtitutiuK tho pith niol put|> of tho 
tr<H‘. 

Pexicaip. Tho wjiIIk of tho rljH-mnl ovary, lh*‘ part of tin* fruit 
that cnclow'H fla* wmmIs. 

Permeable. (’apiibU* of tM*in(3: iH‘u»*trafo«i, 

Petal. One of tht‘ Uvivok t>f tin* lairoHu. 

Pinholes. Small h<»li‘H in th<‘ w«hk 1 I'misf'il by uonu> or 

Pistil. Th<‘ motlHiet] leaf or leavi^a whirh l«*nr tin* ovult*«; usually 
eonHiHtinfs of ovary. Ht.vU* aial S'linuiu. 

Plastic. lOhiHtie, easily bent. 

Pocket kilns. Small <lryinf?: rooms with «»jM'uinKs t»u «tiio i'hiI only 
and in whieli the inattTial to Is* dried is piled din'etlv on the 
floor. 

Pollen. The fertilistinfr powder prishteed by lh«‘ anther. 

Pores. Minute orithn^s in wood. 

Porous. ( ’ont aininK {Kiri's. 

Preliminary steaming. Subjts'tiuK wood to a steainiua proee..s 
before drying <»r si^asoning. 

Progressive Min. A drying arrangement with «*iH*niin'.>* at In ah 
ends, and in whieh tile matia'ial iuiters at <*n«* etal and is «hs- 
chargtMl at the oth(‘r. 

Rick. A i>ile <»r staek t>f lumlw'r. 

Rift. To split; eleft. 

Ring shake. A large* eluH*k or ernek iti tin* w»«m 1 following an 
annual ring. 

Roe. A i)eculiar figurt* euusc'd hy the* ('ontortion of the woody 
fibres, and takes a wavy liiut purallt‘l to tia‘m. 

Sapwood. Tho outer portions of the inn* next to the* hark; 
alburnam. 

Saturate. To oauso to become complettiy tsmetruftHl or soakexl. 

Season checks. Small opemugs in this ends of tin* \Vi««l eaitseil 
by tho process of drying. 

Seasoning. Tlio process by which wotsl is driiHi or stniHoiuHi. 

Seedholes. Minute holes in wood causiwl by wcKKl-th'sf.niylng 
worms or inaoots. 

Shake. A largo chock or crack in wotxi cattsod by tlie act ton of 
tho wind on tho troo. 

Shrinkage. A lessoning or contraotlon of tlw wtsxi suliataiuxi. 
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Skidwayit. Mnt<‘rinl M «»ji »ii inrliiM* for tranKiM)rtinR Imulx'r <»r 

loffS. 

Species. In wiiiicc. » anniji of cNisfiiijc awociuicd uccord- 
ilta to prnjHTUo'.. 

Spermatophyta. SooddtoitriiiK plants. 

Spring-wood, \\ «m» 1 that is htniutl in tin* spring <»f llu* year. 
Stamen. Tl»* |H*ll«'U-lM'aring uruan of the llowar, usually con- 
si^iing uf iilatiioiit and antliiT. 

Stigma. That jwirt id tlu* phid ttliirh inraivus tin* |«ill«'U. 

Style. That part of ila* ju^iil whirli coimn'is th<* ovary with tla^ 
stigma. 


Taproot, ’Ha* main hmu ord«rtvn\vard niutinualmn of tlw plant. 
a\i'<. 

Temporary ch«ck.s. ( 'lurk^* »«■ craj’k^ that sulisoquontly close. 
Tissue, t till’ oi ih‘* rh'mojiian I'niniMNing wood. 

Thunder shake. \ inpiuo* ot the lilirc- <if the tree across the 
grain, vUuch in ’'Mme wond'. doi*>. not always break them. 
Tornado shake. ■ Sn rimu'ler -h:tke, i 

Tracheids. The icue*. nj ihi* tree which j’<tnsist of vertical cells 
or \e'-'.rl'' elit rd a* olie Clid. 


Warping. Tnrmnc, «'i twi img out tif shatH*. 

Wind shake, S'ee rhuiulej 'hake. 

Working. The iiiinkiij'' ami ‘Welling oi-casioned in wood. 
Wormholes. Mnall la»le'>. in wiMid caihed i'.v wo< id-destroying 
worms. 


Vernation. The arrangment of the hsnves in the iiiiil. 

Whorl. An aiTitngemem of organ.s in u circle aliout a eentral axis. 
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\liirTt nitcilmliH, 'J1 
Atiii'w 'Jl> 

AIrtfM «’»»iii*o!or, 

AltU’h ■«•»> 

Ahii'ta tiiuKiutti'it, L'l 
.Xlrtr**! Uidttht-, 'Jt 
Ai‘«*r litiM'roplnUittii. t'd* 
Ari'r ii‘j 

Atvr > h MiiK'utu, 7o 
Ari‘r ruliniiu. 

Arrr M:iiH'ltariliUUi, Idl 
Ari'f 

.I’NruJu'* HlH.'l, l.‘» 

.K'*«'uIun l.’» 

,l'%rul« > Ml tuinita, I'l 
AlluiifliU'i Kliilxitiloru, ;t" 

AMttUilH II'iImI*;!, V*‘» 

Hl'tiitii ti'iila. u 
Hi*tul:i liifi'U. i» 

Hi'titla iiiKr.i, t.'t 

|U|»\ f di'r.i. t.'t 
Hi’fiiiu ])M|iiil}tM|)ii, 12 
iMiiljt 4.i 

ItuMiN wnufiT^ iri'Ji *, 77 

<'ar)iiiiu > tt 

Crtwirtiii'a |s 

< "jiM rtiii'Ji »’hiA H'l, I!* 

ilriif.'ttrt, Is 
imtnilft, Is 
Is 

< Viatifrt v«itKMri?>. Is 

CntniiMi iMKttMtiiuuIvi, HI 
CntnliKi III 

tVltw fl2 

t Irfiwwmm, W 

IlminuMtM iiitfiii, 

Ctinttwi florMit. -Ml 

C^t»n*MiMtit lUMitkiitfiitiiM, tH 


I HiM|i.vnw Vtrftttaa, 77 

KvMiiytiitiM tttroptirjmnnw, KS 

KngUH fcrruKiiM'n, 40 
Krnxinus AiiHTicitnu, .’17 
KrnNintji ( 'nmUntann, 00 
KruMitUH iUKnt, .'ts 
l'‘r!iMi»us ( >r<>|{Htkn. ;i.S 
Kravimw Pi‘imHyivjmir!i, .'W 
I'ravinu'i putH’sn'jw, .'is 
Kniximis i|uiuirnnKuIala, .'{K 
Mutitliurifiiliti, JtH 
vtriilw, OK 

< itiiiit'.i'lun friacaiithos, (50 
(iymiMii'lailiis dinirua, 40 

tlti'ona alba. 01 
Iltf'iirta Klalira, 01 
llti'iirm tuitkitna, 01 
liti’oria iivuta, (51 
likriiria {KM'Htk, 01 

Ih'V liinUtii'iiIo, Oo 
ll«’\ Ik] tank, (51 

JuKtaik^ rtiii’ri'tk. 4>> 

JkkKfatkM ikiitra, S2 

Jkiiki|ki>ruH (•(kiuttitiitiH, 10 

•|tiikt]HTktH VirKtitiaiiik, IH 

Itkirh Aiiii'rii'tktm, *i2 
liarix likrichkit, 'i2 
Knriv 22 

UiktHsilnut tH 

y(ttui|iumtt(*r Htymt^tfltuu M 
Uritt4(*n4rc>n tulipfamt HI 

Atimniiam, 70 
MnKttoliM AruminatH, 07 
MaKituUa niiauoa, 07 
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Mugmolin tripotuhi, 07 
MoruH rubra, 70 

NysKa aquatira, (U) 

NyHwti nylvaticu, 02 

OHtrya Viriauiana, 05 
Oxyiicudruiu arl>ommii, 80 

Picea alba, 28 
Pimi cAiia<l«iiHi8, 28 
Picca OTwdruauni, 28 
Piaoa niariana, 27 
Picoa ni|i;ra, 27 
Picea 28 

Picca aitcdauiHiH, 28 
PinuH i>ankKiaua, 27 
PinxiH <*uV)cm«iH, *2(i 
Pinua cUvarioata, 27 
PimiB enchiuata, 20 
Piau8 fioxUiH, 24 
Pinuft ino|)K, 27 
Pinua Jcffrcyi, 26 
PiuuK luaxuburtiana, 24 
l^inua monticolo, 24 
Pimis Murryana, 27 
Pinua pahmtriH, 24 
Pinus pondcroHa, 26 
Pinus roflinona, 26 
Pinua rigula, 20 
Pinua HtrobuH, 23 
PinuB taxla, 26 
PinuB Vir{i;iniana, 27 
PlatanuB occiclantaliR, 80 
Platanus raccmoNa, B1 
l^opulus alba, 79 
Populus angulata, 77 
Populutt balHamifcira, 79 
PopuluR fremontii, 78 
PopuluR grandidontata, 79 
Populufl hoteropylla, 78 
PopuluR monilifora, 77 
PopuluR nigra italioa, 79 
Populus tromuloidoR, 79 
Populus trichocarpa, 78 
Populus Wislisoni, 78 
Pmnxis Ponnsylvanica, 47 
Prunus sorotina, 47 
Psoudotsuga douglasu, 29 
Pscudotsuga taxifoUa, 29 
PyruB coronaria, 49 

Quercus acuminata, 73 
Qucrous alba, 71 


iiuvrvxtr* 78 

bioolor, 72 

<iu«T4-«w 70 

<^u«*rru« 75 

digit nt a, 75 
duraittiit* 71 
fnttnitiik 75 

Qut^rcniH g}trr>niin, 71 
QitfrruH tibajolia* 71 

iiubrit-arini 75 
bibsita. 72 
<iucriHw lynttu. 73 
Q\if‘rruR isuim»r»r|m« 72 
<iuorcurt ittariiaiidim. 7*5 
<itirrcus Mu*Imu\ii, 71 
<^ti*rc*u8 futxxor, 7-4 
<iiu*rruH nigra. 75 
<^u*‘r<ntH 4»biu^(tS«Hla. 74 
QtuwuH puluHtrirt, 73 
phclIoK, 72 

Quorcua ptatnttoitb'M. 72 
t^uorcniK prixiimirt*, 74 
CiucrruH priaun. 73 
Qui^rruH puntiln, 74 
<2uur<niH rubra, T I 
<iiu»nniH tixkrti>ria, 74 
QuorruH volutiau. 74 
QucrcHiH vinuu*, 75 

Uhiiinmirt C 'andinsaua. 45 
Kabinia |>Hc*Uiia«vn4H, 00 
Hobiaiti vi#4C(»Hti, iUi 

KaUx alba, h: 1 
Kalix mxxygiiaUuilcH, HI 
Halix babylonica, 8*1 
Halix iKdduHiiH, H>l 
Kaiix cUacidur, K4 
Halix fluviatiliM, H4 
Halix fragiUn, H4 
Halix lurida, K4 
Halix t\igra, 8*1 
Halix roatrata, 8^1 
Halix vitcdUna, 83 
HaKHaf rail HiiMKaf ma, HO 
SiH|uoifv i««K»iM*rvironM, 10 

TaxcKlium dlatlnchtmt, 10 
Taxiui bravifulia, *10 
Thuya gUcantaa, 17 
Thuya ocx%idcmt4^, 17 
TULa Amt^rioanat 39 
Tilia hetorophylta, 30 
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IViigrt iiti*r!iii-'"iiiit;i, 'il 

riiiiii*. ‘""‘I 

riiiiiw Aitirri<‘ 5 Ui;i, Ml 


riimiH folia, *1! 
riiiitiH fnivn, 51 

pul H warn, 51 
I litiUH rnrauu^n. 50 
rui!»o!lulana ( 'alifornim, 05 
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AitKi<ie, TitHK, 70 

Al»«»rirtum of vtnU'r by <lry w<«hI, r,J-l 
Awu’ift, 00 
Acacia, faW, 00 
Acacia, tlm'c-thonu'il, 0(i 
AcconlitiK t« HjwH'ics, tiilTcmii kiln 
(Iryinft 170 

Aclvantag(*H in M*tu«ntintt, l'<iK 
A<lvantaK{‘K of kiliHiryiitK ‘*vcr air- 
(Irj’inp!, IfiO 

Affect (IryiuK, pnnaTtica «tf w««mI 
that, ino 
AilantUua, 07 
' Air circulation, 170 
Air-dryijiR, ailvantagcH of kiln-«lr>'- 
ing over, Ifitl 
Aluaka cedar, IK 
Ahutkii. cypn^HH, IK 

Alcoholic IhiuiilK, Htav(* and hcada of 
IwmdH conlainitiR, 1 12 
Almondlwvf willow, HI 
Aftibroaia or limber bwdU'H, 00 
American Im)X, 40 
American elm, BO 
American larch, 22 
American linden, 30 
American oak, 7t 
American red pine, 2B 
Anatcnuual atnicUm', 14 
Annual ring, the yearly or, 10 
Apartment dry kiln, 108 
Apple, crab, 40 
Apple, ciwtard, 76 
Apple, wild, 40 

Appliances in kiln-drying, helpful, 237 

Arborvitffl, 17 

Ash, 37 

Ash, black, 38 

Ash, blue, 38 

Ash, Carolina, 39 

Ash, green, 38 

Ash, ground, 38 


A«*h, hiaqi, 3H 
A'<h-lenXH'd iiinpte, 00 
Ahh, t tri>gi>n, :W 
Anh, ri*«l, US 
vlMi, white, U7 
Ah|k‘u, Ul», V*.» 

Ahimoi, large'iiKitheti, 7S 

ANiaoi leaved hireb, 12 

AH|M‘it, ipitiknig, TO 

Atnioftpherie pretmijre, dryutg at, 110 

(’vinu.w, 10 
Hall triM', hutltui, sii 
Unha of giteiid, "0 
Halm of gdead Or, 20 
Habmm, 20, 70 
HalHam Itr, 20 
Hark and pith, S 
Hark on, namd timlH*r with, HMl 
Harrela eoidnitiutu nletdiMhe lu|UuK 
ataves and beado of, 1 12 
Harnui oak, 7A 
Har willow, »aa«l, SI 
Haaket oak, 71 
HaHHWood, 30 

Hamwood, small deaved, 30 
Haww'oiHl, white, 30 
UnHtant pim*. 20 
Hnatard apruee, 20 
Hay poplar, 00 
Hay, sweet, 07 
Hear oak, 74 
Ileawr wisst, 07 
Hehh willow, 84 
B«« tree, 30 
Iksieh, 4) 

Beeeh, blue, 44 

Ileneh, ml, 40 

Heoeh, water, 44, HO 

lieoeh, whita, 40 

Horry, mtgar, 62 

BootMi, amtiraaia or tlniU^r, 99 
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liijc lititl hirkory* t*l 

HtMini, />l 

Uiu U, U 

Ikrt’h, 42 

liirrh. Mark. 41 
Ikrrh, 4*t 

Uirrh, rhrrr> , M 
Hirrh, icray. 12 
Hirrii, ni:iht>(f.afiy» 4t 
Hirrii, Ml.i iu UU 42 
Hnvh, 

Hirrli* n*»i, 12 
Huvh, nvrr. VI 
Hirrh, •xtivrr. 12 
Hnvh, U 

Hirrh. whilr. 12. 12 
Htrrh, %\ui<«*r];rrrii. \l 
iitrrh, yrll**\%, 42 
!krii »4*riT\. 17 
iiitlrniiif hirkt*r>, <V1 
iilark a*»h. 2 h 
H lark l»trrh. 41 
Hlark rhrrrN . 17 
Itlack r»*H 7S 

IMark rvpirHH, 1*1 
llljirk »Mnn, fVJ 
|ila«'k lai'koi \ * iVl 
Hliti'k j;t*'k. V»'* 

Hlark larrh. 22 
Hln»’k k*<'U ■!, iVU 
Hlark imt }ui*k«a\. (il 
Ulark i»ak, 7 I 
li]u<*k ptlM% \U9. 27 
lUa«‘k r»|»rtii'i\ 27 
Ht:i<*k \\atiiul, l<» V2 
Hlark s;t 

iiliiwtT <lrv ktin. «»f, \SA\ 

or h*>f «lry k»l«, iHff 
HItu* jU'k, its 
Hhli* 44 

Hhu* HI 

Hhii* uitkm* Kl 

irnri\ ir». rn 

lUAtA, hlnw^ hi*>Uftinf( niifi Mlitiigl^i 

tm 

Ikm*n** 

HU 

Ikix, 40 

lic>x 00 

lU*x Ary kiltt« 

31 


2m 

lint, <jf most iin- 

{Kirtuxktt U7 

Br<»iicMi*av<Hl trc*08, of, :tl 

Urowu hi<*kt»ry, 04 
ItHHiHt, 00 

Hurkryis 4i> 

Hurk«\v<s 47) 

Hurkryr, t )liu), 47) 

4r> 

Hurktiiortu*, 45 
Hull hirkory, l»in, <Vl 
Hull nut hirkory, 04 
HiiH pints 25 
Hur 4iak» 72 
Hunuu)): lawh, K2 
Hush. hiirniiuCt H2 
liush, juuiprr, IS 
Ituttrruut, 45 
Hutton hall trots SO 
Hiittttn \v<hmI, so 

i'.M.IFtUtNIV ItKDWOOI), 10 

<*ntift»niia whito pints 25 

<'aim«lian pints 25 

('aimry wtaul, SI 

< 'auiM* liiroh, 45 

( 'nu<«» otulais 17 

i 'artthna ash, 50 

(.'aniliim pints 20 

('aviOiim jxjplar, 77 

< 'itrs, niothucl <if luadiny; kiln, 200 

t'atalfia, 4t> 

( Vtliir, 17 
CVtLir, Alaska, IS 
(Viar, oantHs 17 
CVtIar, olnt, 51 
<Vfliir, f^rountl, 10 
('tsiar, in<M*nsts IS 
<’t*tlart>f tho Wt^l, ml, 17 
<%Hlar, Ort^gon, IS 
<VtlHr, |H*noil, IS 
ViHltiv, HortOrfonl, 18 
C’4*iliir, ml, IH, 10 
<’wlar, whsits 17, IH 
iNnlar, yt'litjw, IH 

<'htitw*H rtnulorinic tiryinit tlilfirult, 
140 

<fhiirfutittriKti(*H ftiul of 

WCHWi, 1 

<'b<H«klitg aud nplittlng, pravtuition 
of, 139 
ainrry, 47 
CSiairy tAx^t 41 
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CJluTry, blr<5, 47 
Cherry, hlu<*k, 47 
CUierry, liulinn, 45 
(Jhorry, nnl, 47 
(.'horry, nun, 47 
Clierry, wihl, 47 
diorry, wiUl re<l, 47 
('host nut, 48 

horw*, 45, (i5 
CUu^timt uak, 78 
C -herttimt oak, nu*k, 78 
(’licrttnut oak, Hcruh, 74 
Cihhuiuaptu, 4S. 40 
C'hiruiuupin oak, 78, 74 
C'lniuiuupiu oak, dwarf, 74 
C'hoicHt of dryiiifX 105 

(^iroaHHUiu walnut, tM) 

CUreulatiou, air, 178 
Clammy loount, tOl 
of trtHw, 5 
C8iff olm, 50 
Coaat. ro(lw<K>d, 10 
CofftH‘ nut, 40 
Ooffeo trtH*, 40 
Color and <Klor of wood, 80 
Color, odor, wcaght, and tiicun^ in 
wood, grain, 80 
Oom]>oHiiion of wap, 1 10 
<k)i:uliiionH and Hianaes, t(*rnpt*ra- 
turo deponda on, 171 
ConditiouH favorablo for iuHcnd in- 
jury, KHl 

ConditiouH govorning the drying t)f 
wooil, 150 

ConditiouH of huocohh in kiln-<irying, 
ICO 

Coniforoufl tixHw, 8 
ConiforouB troejH, wood of, 8 
OoniforouH woocIh, lint of important, 
17 

Containing alcoholia lupuclH, HiaviH) 
and hoadH of barreln, U2 
Cooporugo Htock and wooden truHB 
hoopH, dry, 112 
Cork olm, 50 
Cotton giun, CO 
Cvottonwood, 40, 77, 78 
(Jottonwood, black, 78 
Cottonwood, swamp, 78 
Cow oak, 74 
Crab apple, 49 
Crab, fragrant, 849 
Crack willow, 84 


('rude prtHiiiiets SlHl 
tUibnn pine, 

('iieuitiber tree, 10, <*7 
t'up oak, ino.T^y, 72 
<'up over , 72, 78 
Cti>iurtl ;tppb\ 7<t 

(\\preHs, 10 

( \vpri*?<T4i. Ala^*k;i, IS 
C\\pn*v.H, bald, 10 
<'ypre>»s, blaek, 10 
<*ypn*f4H, IH 

C'ypn^^s iHM'kv, IP 
<*ypreHS, red, lb 
<\vpreHH, white, 10 

Htits 45, 78 
Ileal, yellow, 28 

l)eiiuuul^< upon soil anti tnoi^tun* t»f 
red gum, 50 

DefHMidu tm rouditiouM and speeien, 
teinperiiture, I VI 

DeMeriptam t»f I be ftirent Ner>'iee 
kiln, tlietiry atal. Idl 
Dmgrnm, theuMesof t laduinddify, 287 
Diffenuiei* between aial 

unHt*iiHontMl wot»d, 121 
DilTerent grains t*f w»»m 1, st» 

Different kihk dr>uig ueeording to 
h|hs4c+h, 170 

DitTt*ri*nt ajMn'iej^ wtughf t>f kiln- 
itried \vo(»«t of, 05 
Different types, kdiis of, lOd 
DilTerent type^of «b‘> kdies ls5 
DilTerent of kiln *lt«»rN, 281 

Diiltenlt, rhaitgtv< rendering titling. 
MO 

DillieultSert of drying v\i«mI, 18H 
DiHinbufion of water in wotnl, 11 1 
Dmtribution of water in wood, Itteak 
114 

Dmtribution of water in w^md wii' 
Hoiial, U5 
Dogwood, 4U 

Doors, lUITerent tyinmof kiln, 281 
Dnugltm HprucHs 20 
Downy Umh^u, 80 
Downy poplar, 7H 

Dry eoo{K:»rago attack and wiKKlem 
tniMH h(H>{w, 1 12 

I>rymg artooxtliug to aimdea* diffemit 
kiln, 170 

Drying, advant^era of kllfwlrying 
over alr» 180 




Drying; nt priwun*. 1 10 

Drying Hii|KThrH<«M! Mrsitii« 
I>ryiii}C, r«Mi«itti»iiis 4*f Muvi*h?« in kiln* 
im 

PryiniJ: rh^ngl*^t 

1 lo 

Pryinjjc kiln. ISI> 

Prying, lu^lpfut apphHinM**^ in kiht.’JJUT 
Prying, kiln. HP. PT 
Prying, ilin* tn itnprM|n*r kiln, 

1 1I 

Pryiin*: rttMin* of, IVo 

Pry mu:. itit*th<HiT4 of kthi. 1 ir> 

Pr>itiu;. 1 Ilf kOn, los 

Pryinu* n^l untn, kiln, lS:t 

PrviuK <»f woinl, kiln, irii* 

Pi'N inu; of wood, ii)i\ Nirat i^mditioiH 
f^ovonttnu 

Pr\itiu;, |ih>*dfal |irojMTtir»4 that in- 
Jhn^ni‘i% rj% 

Pr\m^. projM'rtn*^ of wooil that 
1 U 

Pi'MiiU* flifoii\ of kdn. l.V/ 

Pr\mu. mMli-rl>uiu. pniM’ipl*** of 
kiln. Kilt 

Prvuu!; imdt*!’ p|••♦4%lirl• and xaruttfn, 
1 1«> 

I>r\UH!i nn*-oKoi| inohli ni^^ in kiln. 
} %A 

PtAinu; >\ooil, of. Ills 

Pr\ini* HH» III t+f j;n**’n \m» d m tlio 
kiln, {H»iuid‘« of uait*r Io>*t, 1711 
Pr> loin, ttnont, ins 
I >ry Kiln, Imin. *.*ui 

Prv Viln, ofiriation of fin* l»lo\\f*r. 
ISO 

Pty kiln. M|H*nitsoii of tin* niot^i >^fdry 
lirj 

Pry kiln, in»«iP air **r IHS 
Pry kiln, fiorkH, -flHl 
Pry kiln. |wouiv‘4.*»iv<% ll«V 
Pry kiln. r«*t|ntr«*ttionfM in n, mtin* 
fiiftorv, I Ml 

Pry kilufi, dtff«*rt*nt of* I.H5 

Pry kiln 

Pry kitiiH. tyiH*?* of, IS5 
Pry kitfi« timvr, VUiKt 
Pvy w**od, HHucfftilion of wtitftr by* 
VM 

owki 73 

Ptn^ to utftm»|irr kiln^tltyiiigt Ummmt 
HI 

l>w»tt oak* 74 


Kkfkc'I'h ok Moihtpkk on Wood, 
U7 

Kktnr, !>ox, tUl 
Kl«‘c*tri(‘ lu*iit«*r, the*, 2r>() 

Hltininntion of Htaia and niildow, 130 
Him, :»(> 

Him, Amoriran, 50 

Him, roiltir, a I 

Him, rliflf. aO 

Him, r<irk, 50 

Him, hi<*kory. 50 

Him, mooHo. at 

Him, rctl. .">1 

Him, rt«»k, 50 

Him, Pippory, 51 

Him, wutor, 50 

Him, wimsoil, 51 

Him, white*, 50 

Hm*muw of wtioti, OS 

Hviiporation of watt*r, mamuTof, 123 

Kvaporafioii, rapidity of, 121 

HApansiiai «»f woeul, 135 

Hvtohiks, S<’ vi.<imkti*:k in, 210 

FaN«» ai^ataa, 00 

Havorahli* for insiM*!, injury, <Mmdi- 
tions, 100 
Hi»tid hurk«\V(*, *15 

Hi) m* unit ion point in wood, I IS 
Hii*ld liirrh, old, 42 
Hi«*ld pino, i>ld. 25, 20 
Hitturi* til \v<»od, 0t> 

Hiauro in wood, u;rain, <M>lor, odor, 
woight, ami, SO 
Hina! at<*aminti; of kuiu, 1S2 
Hir, 20 

Hir, lialm of M;ili*ad, 20 
Htr ImWnm, 20 
Hir, UiiliUs 21 
Hir, rt*d, 21, 20 
Hir 20 
Hir, whito, 20, 21 
Hir, yi’llow, 20 
Hlttl-hi*mlod luirorH, 103 
Hnrtntt m*rvlt*o kiln, th(»)ory iind 
tlf*94crlptioii of, UU 
Harm of thn ml |i;uitt, 55 
Hrnicrtmt cmb» 40 

fUima, Tim KKoom>mo Stbam, 2*10 
IkiorKia ptuo, 24 
iUtml, lialtn of, 79 
UUoiid fir, \mim of| 20 
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CUiiKi^r pino, IH 
CilaxKsniH willow, M 
Cfovmxing th(‘ xlrying trf wootl, 
phynifial eontlitunm, ir>(l 
Gmin, cK^lor, otlor, weight, suul 
fxiCiirt^ in woixl, HU 
GmiuH of wihhI, different, HW 
Gray hir<‘h, 42 
Gray pinx\ 27 
Green a«h, 

Grwn red g\nn, kiliwlrying, ls:$ 
Grmi xvood in the kiln, iHUuuiH <»f 
water loat in ilryiug 1<H> Urn., 1711 
Groximl ash, itH 
Ground e<Hlar, H) 

Growth red gum, acHHUid, 511 
Gum, 52 
Gum, bliiek, 52 
Gum, eotlxm, (U) 

Chun, demaudn upon koU anti tnoin-* 
ture of red, 5(i 
Gum, final atetunitig of, IH2 
Gum, form of red, 55 
Gum, kiln-drying, 180 
Gum, kiln-dry itig of green n*d, 182 
Gum, method ol piling, ISO 
Gum, preliminary Ht^^aming of, 182 
Gum, range of nnl, 55 
Gum, range of tupolo, 01 
Gum, khI, 54, 79 
Gum, reprodia^tion of r(*<l, 57 
Gum, Hecoml-growth red, 59 
(hmx, sour, 02, SO 
Gum, sweet, 54, 80 
Gum, tolerance of the red, 50 
Gutn, tupelo, 00 
Gum, uses of tupelo, 01 

HA.OKniQEHY, 02 
Hacmatac, 22 
Hard maple, OB 
Hard pine, 20 
Hard pines, 24 
Hard pine, southern, 24 
Hardwoods, 37 
Hazel pine, 54, 00 
Headed borers, flat, 103 
Headed borers, round, 101 
Heading, stave and shingle bolts, 109 
Heads and staves of barrels oontsin- 
Ing alfloholic liquids, 112 
Heart hickory, white, 04 
Heartwood, sap and, B 


UtMider, th^ eleetrte. 25<l 
Helpful upplieuui'e^ in ktln-tlrving* 
227 

l!etnhit*k, 2t 
Hemloek spnuts 21 
Hiekory, OH 
Hiektiry, big buil, 01 
Ilieki^ry, liitteniut, 01 
Hiekttry, blaek. 01 
Hiekory, bluek md, tU 
IHekory, brown, tU 
lUekiiry. bull nut, iVt 
lliekciry elm, 50 
Hiekury, nictekernut, tVl 
H|ek<»ry. pignut. 01 
Hiekury, p«ipl;kr. Si 
lUek<ir>\ Hi’iilybark, tit 
iitekikry, shngbtirk, Oi 
Hickory, sbeilburk, tU 
lUekory, ,Mwniiip, 01 
Hickory, switt^ibud, 01 
Hickory, white heart, 04 
Holly, 01, 05 
HoUy, motintnin, 05 
Honey IticttHt, 00 
Honey Hhiiekn, Otl 
I!oiq> ash, H8 

Hoops, dry eotnH*rngi* Mock ninl 
\vood(*n truss, 112 
Hop hornbeam, 05 
Jlornbeaitt, 44 
H(»rnbeain, hop, 05 
Horses chestnut, 45, 05 
Hot blast t»r blower kiln, 1 85 
IlumitUiy, 174 

Humidity diagram, ttses of the, 237 
How to prevent inst*et injury, U>7 
How W(kk 1 is siMisimeit, 1 15 
Hygrodenk, the, 212 
Hygrometer, the naumling, 242 
Hygnmieler, the registering, 214 

InwNom Nt»T, 04 

Imiwrtant bnmtl-Ienved list 

of uxtmU 37 

liuimrUint eonifemuM wchhIs, list of. 
17 

Impn^pcnation tnetkods, 151 
ImproiKMT kiln-^tryingi Immm due to„ 
141 

InoenHe eedar, IH 
Indian t>ean, 40 
3bd]iua 4S 



IXDKX 267 


tiryiiiji;, pUynic^ul |in>|M*r- 
ttf*H Umf» rJt5 

Injury* rctiulttiuus favoraliU* ft*r in- 
HiM't, lim 

Itijurv fnnu ins«*fts, him- pri»v«*nt. 
107 

ln!4i*rt isijury, mm ht it tun fuvtimltk* 
for. HHV 

luHiM'tH* how lo prfwut injury from, 
107 

lr«m tmk. 7 1 
IrouwotMi, I h or* 

J \t*K, 10 \i*K* To 

.hirlv Tr* 

Jjli’k 1*U1I\ VJ7 
•h*rKt*\ pUM*. *.!7 
.luuipiu*. is 
Jumpier lorth, IS 
JtitnpiT, timI. Is 
J uuipor, KiMu. IS 

Ki-a i* Hi *'**ui**t III’ Tin; in: 

t*u\rt.M\ :M0 
Ktlii, apiiriiumi Arw lOS 
Kiln, hl<*\\t r «»r h«*f hl;v't. iSo 
Kiln, hos tlrv. ;?oi 

Kiln ami im^ftioii «vf ktatimir,. 200 
Kiln i\pi*‘‘. 201 

Ktlnolrir»l woi»l ot thlft'O^nt MjMuno*;, 

»»f, or* 

Kiln^tlrvtnK* ir»l. 177 
Kthi'*i?>inn ii*'t*ortlin« tti NprcioN 
. l7o 

Kiln tiryitii-!, t'ornliiioit * «*f Miom’*?* in, 
100 

Kilu-Or\tnK aunt, isn 
Ktln-^dryina* hrlpful applinnm't in, 
2:i7 

Kiln tlrvitia* <hii' lo iinpro|M*r, 
111 

KkittMiryina* nlgnrt i of, lOS 

Kiiiiolrynm nf arm^n nnl autn* \K\ 
Kkln>'«lryitta nf ITiil 

KtlttMlryifia nf wiWHt» ITal 
Kthi^iirytfia «v**r nir ilryitta, mtviifi* 
tnarwof. 150 

KtltiflryiiiKi Un^nry nf» ir»7 
KibiHtryitkic, uiiitf^lyifiK priiiHpk^H nf, 
100 

Kiln*vtryitkK> umaOvtnl iii, 

im 

Kilut tifimaUm tlh» Mnwi^r dry» tHO 


Kiln, o|HTatum of the inoini-air <lry, 
1112 

Kiln, pi|M' or ummt-air dry, ISH 
Kiln, pnek<*fc dry, 201) 

Kiln, proariwive dry, 100 
Kiln, n»quiri‘mont« in a Haltsfaciory 
tlry, too 

KthiM, «liiT(T(*nt lypt*H of dry, 185 
KUiw of difforont typiss, 100 
Kiln .NppriaUtit^s, dry, 200 
Kiln, tlu‘ory and tloHiTiptiou of the 
forrst S4*rvirc», 1 01 
KUiiM, f yjn*Ht»r dry, 185 
Kiln, tower dry, 202 

K\\i> SiMU‘OK, Tinw, 28 
Laroh, 22 

!*ari'h, Ainmrnn, 22 
Karch, hhu^k, 22 
Iiuri'h, \\esti*rn, 22 
I#ara<*-ttioth<*d aspen, 70 
05 

Hatirel oak. 75 
L^lv^solrs ev]»n»ss, 18 
Leaf pim\ loiia-, 21 
l#eaf pmi\ shttrt-, 20 
lienf willow, Itma. Si 
Leaded liusswood, small, 80 
L<«a\ed hirc’h. nhpt»n, 12 
l*eave4l luuplt** ash. 00 
Le:i\ed maple, hrttad, 00 
l.eavetl maple, silver, 00 
Leavtsl trf»es. hroad, 81 
I*ea\ed trees, list of most important 
Lroad, 87 

Issaveti trees, wtxxl of liroad, 81 

I.t»verw’ot>d, 05 

Life, tree of, 17 

Lime tree, 80 

Lm, 80 

Limien, 80 

Linden, ArntTiean, 80 
Linden, downy, 80 
l4(|uidiunlmr, 54 

Lhtuiiis, and he-mU of liam^lH 

etmimninic filmholte, U2 
Lwt of imimrtnnt eonifcrotiH 17 
Uat of mctMt iintHirtiint hroad-leavtHl 
triHiSy 87 
Uve (Nik, 75, 70 

Umding, kiln eium and method of» 
200 

LoUntly pim^ 25 



268 


INUKX 


Local cliHtrilmtion of wxitcr in \v<hmI, 
U4 

l^ocuat, (Ui 
U>cuKt> bliick, <k> 
liOcnisL brown, (MS 
Iwocixwt, danimy, W 
hont*y, (Ui 
IjocuhI, (Mi 

Ix>cuHt, yellow, M 
liodKcpole j)ints 27 
Irfoxnlairdy poplar, 79 
Ix)np;-l('af pine, 24 
IjonR-leaf willow, H4 
Lonpc-atraw pitxcs 24 
I^oKKoa duo to inipropxT kiln^dryiufc, 
141 

LoHt in kiln-drying 100 lb, Krtx'n 
wood in iho kiln, potmila 4)f w'ater, 
179 

Ma<w<>ua, 07 

Magnolia, Hinall, 07 

Magnolia, »wamp, 07 

Mahogany, bindi, 41 

Mahogany, whites 45 

Mxinnor of cvainn^ation of watf*r, 12;i 

Maipks 07 

Mapks anh-Univcil, 09 
Maples bnxul-loavcHl, 09 
Maplo, hard, OS 
Maple, mountain, (W) 

Maple, Oregon, 09 

Maple, red, 09 

Maple, rock, OS 

Maple, Hilver, 09 

Maple, Hilver-Unaved, 09 

Maple, Moft, 09 

Maple, Htriped, 70 

Maple, HUgar, OS 

Maple, Bwamp, 09 

Maple, waiter, 09 

Maple, white, 09 

Maul oak, 75, 70 

Meadow pine, 20 

Method, choice of drying, 195 

Method of loaeliug kiln carH, 200 

Method of piling gtim, ISO 

Mothodfl, impregnation, 151 

Methodn of drying, 154 

Mildew, elimination of Htaln and, 130 

Minute ntructurts 34 

Mockornut hickory, 04 

Moist-air dry kiln, operation of, 192 


Mt»ist-nir or pifM* Kiln* tins ISH 
Moisture eitufeltt, ket*p ref*oriis of 
the, 219 

Moist arts detimtifls soil Hiuh 

50 

Mointure on \vcw»d. «*ffertrt i*f, 117 
Moc»s«* <4in, r*l 
Monst<^\vt»<Hh 70 
MoHsy-eup iKik» 72 
M«*Ht ifiiportnnt broad-liNived 
lint tif, 157 

Mountain holly, Oo 
Monntiun maple. 09 
Mulberry, 70 
MullH‘rry, retl, 70 
Myrtle, Oo, 70 

Ni*n-ri.K 'ruKK, 02 
Noble lir, 21 
Norway pints 25 
Nut. etilTtH*. 19 
Nut hiekory, black, 04 
Nut hickory, bull, 01 
Nut, UlinotH, tU 
Nyasji, 00 

Oak, 70 

Oak, Amt^rienn, 71 

Ouk, barren, 75 

Oak, Imskt*!, 71 

Oak, bear, 71 

Ottk, black, 7 1 

Oak, bur. 72 

Oak, cht»Htnut, 73 

Oak, chimptapin. 73, 74 

Ouk, ctms 74 

Oak, duck, 73 

Oak, dw^arf chintpmpin, 74 

Oak, inai, 71 

Oak, iaek, 75 

Oak, laurel, 75 

Oak, live, 75, 70 

Otik, maul, 75, 70 

Oak, moNHy-rup, 72 

Oak, «»ver-eui>, 72, 73 

Oak, |H«tieh, 72 

Oak, pin, 7:i 

Oak, |K)HHum, 73 

Oak, fymtt, 74 

Oak, punk, 73 

Oak, twl, 74, 75 

Oak, n)«k, 73 

Oak, rook eheatnut, 73 
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< >!ik, Mrnrk*f , Tr» 
i >nk, srruW, 7 1 

Oak, MTtib 7'l 

Oak, 7 A 

i )ak, 7*» 

< kik, jiusi, Til 

Oak, j^waiiip S|iitnt’^h. TIi 
Oak, '-wainp V*J, Til 

Oak, Til 

Oak, wi*Nii*ni wliifi*. 7t 
Osik, y\h%U\ 71. /’J 
I Ink, \\ , 7'-J 

Oak, \rUn\\. VI k 71 

Oak, \ V«l 

Ohji*»'t* ut kiln ir*S 

Oiliir ami *a wmihI, sn 

0*i«ir. ait*i tit WfMttk 

araiii, riika , sii 
Ohio l*urk«'M*. lo 
i >!«i til kllau h. K*, 

<>l«i tit'lii pltir. mI* 

< 1311*1 atlou «ti ih* ktht, Isi* 

( toll Ml fh<‘ ii2Mr>«l .itr kthi. lie 
Oraiia«* M* 4t*r, 7<» 
t >r«‘#^*Mi ,*‘-h. 

1 hi *1**111 ♦’I'li ir, I H 
i h<*K**>* iiiaiik*. iVJ 

Oiiotil ♦'» ikn . is 

i t’-aitfi* 01 riiia* . V»* 

Oui ol «iooi virontii};. l.M 

< >\ rr*rli]i imK. V«. V»» 

P\i*\w, vr* 

I*3i3*»»i htii'li, III 
nak, 7VJ 
IVraii. Ill 
lVrk\ * II* 

Prittal r«*<lar. In 

tV3i3i4*nil|{<% 

Tiarh %iii}oM, si 

77 

rhymt^al mill Ilf iou,% th** 

tlrymiA 1/41 

}*tiy:«it'ai that hilhuwtt 

itryiuft, 

IHlcmit hu'litiry, tU 
IHUtltt lltUik tuHlHKln Ilf, IHO 
IHtttt. At«ii*rH*fifi ml, *ia 
I*»ms tj)ii«ctiir«t, 2tl 
ihms t»bM*k. %\ 
tmlh *M 


Pm<». t ^nlifarnift whites 25 
14ms I 'attailian, 25 
Pint*. ( 'nreilinn. 2 tl 
Ptms I 'tihsiu, 2tl 
I4ms (hiorKiH, 2-1 
!4m*, iciiWT, IS 
!4m*, jtray, 27 
14ms haril, 20 
I4im, 5 k <50 
I4ius jack, 27 
14ms .h'rsi^v. 27 
Pirns luhliiily, 25 
Pirns 07 

Pitas k«»w;-h*af, 21 
Pints k»n|i:-stra\v, 21 
Pm«s tmnidow, 2t5 
Ptms N'nrv\ay, 25 
Pints nhl Jifkl. 25, 20 
Putt*, Ort*|j;on, 20 
Pints intfh. 20 
Pints Pimt»t Sound, 20 
Ptm*, iiunipkin, 21^ 21 
Ptiii*, rml, 20 
Pint*. roM*mary, -5 
Ptno, ,sap. 25 
PtuiS Nr nils 27 
l4m»H, hard, 2-1 
Puns ‘ihort-lraf, 2<5 
Piitr, *4M»rt-Mraw, 25 
Pun*, '‘hr^h, 25. 2<5 
Pints soft, 2 : 5 . 21 
Pints southt*rn, 2 I 
Ptms NMUthorii hard, 21 
Puns **j)ruri*, 20 
Pints >imar, 21 
Pim*. ;»\\!inip, 215 
Pirn*. Ittrrh, 20 
I4ms U t*y mouth, 22 
Pin**, wt*stf*ni, 25 
Pun*, Vi‘t*j-»tt*rn xsliitis 25 
Puns \vrNt«*rii y«*llow, 25 
Ptim, wliitts 22. 21 
Ptms ynllow, 21, 25, 2<> 

Put imk, 72 

Pi|H* or ttuitsi-tur kiln, IKH 

141 t*h pints 20 

tHth tuui bark. H 

Plfinii triHS 80 

I4ickH <lry kiln, this 2(K) 

IMtil in wckkI, tlm fibm aaturaUon, 
IlM 

I44i^ {tlni^, knlica, 27 
67, 77, 70, HI 
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I\)plHr, bay, iU) 

Poplar, blu<% HI 
Pt)plar, <.!aroHnn. 77 
Poplar, tlowny, 7H 
Poplar, hickory. HI 
Poplar, i^anburdy, 70, 

Poplar, Hwmup, tlO 
Poplar, white. 70 SI 
Poplar, yellow, Hi 
P(»rt. ()rf(»rtl mlnr, IH 
PoaHUiu oak, Tit 
Post borc'rH, powder, 105 
Post oak, 74 
Ptml oak, Hwamp, 75 
Pouiula of water loat ixi dryinpc UK) 
lb. jjxtH-n wooil in the kibi;, 170 
Powder pOMt. la^rern, 105 
Prelitninary ateuxning t»f giun, 1H2 
Preliminary treatmenla, 151 
Prenaure anti vacuum, clryinn under, 
140 

ProHsure, drying at atmonpherie, MO 
Prevent ixijury fnnn inacM^ta, how ti», 
107 

Prevention (»f ch(»cking and Hplit- 
ting, 129 

PrincipleH of kiln-tlrying, un<U*r- 
lying, UHV 

ProbleniH in kiln-drying, unaolviHl, 
145 

Producta, t^nide, 100 
Products in Uu^ rtnigh, KeuHontMl, 1 12 
l^roducttt in the rouglx, utmeawauHl, 
100 

ProgroftHivo dry kiln, trh<s lOtl 
I^roportioB, oharaoteriaticH nntl, I 
ProporticB of wood, 4 
Ihroportiort of wwd that dry- 

ing, 141 

Proportion that influonoo drying^ 
phyaical, 125 
Pugot Hound pine, 29 
Pumpkin x>ino, 25, 24 
Punk oak, 73 
Pussy willow, 84 

Quaking AsraN, 79 

Ranok of IIfd Gxxm, 55 
llango of tupelo gum, 01 
Rapidity of evaporation, 124 
Recording hygromotor, tho, 242 
Recording steam gauge, the, 246 


U«*i*tirding tlieriiuinieter. the, 215 
Uee«rdf< of the noHMtm* eonient. 

kf*«*p, 24U 
Hini OHil. 5H 
Heil l«H*eh, M) 

Hed bireh, 15 

Heil eedur, IS. 10 

Hetl etnlar of thr Wed. IT 

Hell eherry, 17 

Ibnl eherry. w ild. 17 

Htnl eypreTi>i. 10 

Ut*il elm. .51 

Hed lir. 21. 20 

Hed gum. 51. 79 

Hed gum, demamhi u|a«n M»d ami 
moi**ture of. 5ii 
Heii gum. form at the, 55 
Hint gum, tvdn 'dr> ix»g of gn-rn. Is5 
Heit gum. range of, 55 
Hed gum, reproibietsoti of. 57 
Hed gum, eeeond growth. 50 
Hed gum. toleraiiee of. 50 
Hed Jumper. IS 
Hed mnpie, 00 
Hed mullH*rry, 70 
Hetl imk, 71, 75 
Ued pine. 20 
Hed pine, Amerientx, 25 
Hetl Kpruee. 2S 
HetUvootl. 10. 27 
Hedwiaal, <*attfornm, 10 
Uedwood, (N»ind. 10 
Hegiatering hygnuutOer, the, 211 
Hegintering thermotneter. the. 2f0 
Hendering tlryttig dtflteidt. ebatigi^H. 
MO 

Ueprutluction of red gum, 57 
Uetiuireinenta in u witinfuettiry ilry 
kiln, too 

Htng, the amitmt t*r yearly, 10 

River bireh, 45 

lioek ehwtnut oak, 75 

Kc>ck elm, 50 

Hock xntitde, 08 

Ruck oak, 75 

RriHemary phus 25 

Rough, mataomHl prtahietH in the, 
112 

Rough, umK^ammiHl imKlueta m the, 
109 

liouncl-hM^liHl lx>rerM, lOl 
Rmmd tinilH^ with \mk cm, 106 
Rum obtmy, 47 
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HAMrM:s fim S« Thsr, 2IS 

ShuiI i»ur willow, Kl 

Sn|> un«l hisirtwoml, s 

Sup, t*otii|>ii^.Hifioii of, nil 

Snpliitft^. lOH 

Sup pint*, V!5 

S5w*ff4ufn4?*, Ml 
Ssttiti w uhmt, 54 

Sutixfurlory <lr>' kiln, rtHtniwmnitfi 
m u, 1*M1 

Sulurntstui |^*int in wimmL filiri*, I IS 
Huwinill*^, in, iftP 

Sfivin i«nuwr, Ih 
S t''uU>mi*t<i'r ill ;MP 

Si*«li»ini»trr in «MP 

SrulonM*ti*r, X**yi Niitupk*^ f<*r, 'JiH 
Si*nlf»n4*^ti*r, tl»r l?t7 

Sniloiartrr, w< mlaiu'! with. 2 IS 
Sralylmrk hi**kor>, iVl 
Sfiirh’t tmK, TkT* 

SiT«l» «'ht*v.|iiut i»uU, 71 
Srnih onh, 7 I 
St‘n»l» pmo, 'J7 

Sivi>^«>nal ihr^trtlMitiuu of wator in 
w«Mut, U/*! 

S<*ii>'oiM*»l anil iin**t»a,^*airil woml. ilif- 
l»i'ittf*rn, !**t 

Sru.*^* how w»««l I s t h*» 

Si»sr'oni*t! proflurt^^ in fho rotnrh. 112 
{it|\ antan*''^ n». 12s 
•S*n'*oiittnr, iM, whai, HP 

St'jivoinnii. «»«t *4 ITil 

Sivoinl-urow ih iimI fxuin, *V.l 
St<(|tiota, IP 

Si*r\ii*r Kiln, throrv itini ilo?*«Tiptiofi 
of li#l 

Slmiflmrk htrkorv, at 
Siu^ihutk hit^kor\ , fri 
Slmt|;,h% inut I4jivr PHI 

Shin^h^ oak, W* 

SlitfittiK ^^ltlo\v, M 
Sluirf 4raf 

Short ' !*truw pint*, 2.% 

Shrinkuni'* *»f winuI, UHI 
Shin*fe5i, tioiu^v, fki 
Sitku Hprin*«% 2H 
Silvifr hiri'h, 12 
Silv«‘r*U*uvo4l tasi|d»s tHI 
Silvw tnupK IW 
ptua. 25. *i«t 
SUfi^M^ry tdm, 51 
SitiiUl*4(m*«st fkiiyMiwotHlt 39 
Skimlt muiitiiottiiy il7 


Soft inuph^ 09 
Soft pifu\ 23, 24 

Soil ntid nioiutims dc*inanclH ui>on, 50 
Sorn*l-tm», KO 
Hiumtl pirns 29 

SiHir Kuin. 02. St) 

ScrtirwtKKl, HO 
Houthf^n imnl pint*, 24 
Stiutlirm pints 24 
Spanish oak, 75 
Spanish oak, swamp, 73 
S|M*na!tu*s, ttry-kiln, 200 
S|N*rit‘s, ({ifTi*r(*nt kiln-tlrying aminl- 
ina tts 170 

SiH*ru‘s. Ipinporafurt* th*p<*nclH upon 
(*t»nthti<»n ami, 171 

S|H*tn4*s, wi’inht of kihwlritsl wood 
«»f tlilTfrout , 05 
Sptiidli* tns*, .S2 

SphttmiiT, pri*V(*utiou of <*tu*ckiiif< and, 
120 

Sprini^ ami .somriuTwood, 12 
Spnin*, 27 
SpruiM*, bastard, 20 
Spruns l»lat»k, 27 
SpruiMs I>tai>i:las, 20 
Sprmv, lu*mlo**k, 21 
Sprm»«» pint*. 2t) 

Sprms*, ri’d, 2.S 
Sprms*, Sitka. 2S 
Spnins I It if dam t, 2S 
Sprmv, wlutf, 2H 

Stain ami mililt*ws flimination of, 130 
StuN ts hfatlinu; ami siiioKU^ holts, 100 
•^lavfs ami ht*ads of Itarnds von- 
tattling alftditilif litioMs, 112 
St«*iiin, drying l»y H»ip«'rh<‘atc*d, 150 
Stfani gaugi*, tin* rmsmling, 201 
Stfuining tif gum, pndiminary, IS2 
Stfiiming of gum, tliial, tS2 
Httw’k imtl wtmtlfu truwH hooim, dry 
fs»o|a*ragts U2 
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Sana, R. T. Handbook of Construction plant . uniu, leathei, 's 01. 

Banby, A. Natural Rock Asphalts and Bitumons . . Kvt>, ’j 50 

Davenport, C. The Book, t Westminster Senes.) hvo, ji <«< 

Bavey, N. The Gas Turbine hvo, '4 .m. 

Bavies, F. H. Blectrie Power and Traction Kvo, *jt 00 

— Foundations and Machinery Fixing, tlnatallation Manual Krrteii. < 

tbitto, •* 00 

Beerr, N. Sugar Cane . sv'o, 0 (k> 

Beite, C. Manual of Soapmaking. Traiw, by S. T. King . . .4I0, 

Be la Cotix, H. The Induatrial Uses of Water. Trans, by A. Motris bvn, 'o o» 

Bel Mar, W. A. Electric Power Conductors Kvo, *a 00 

Benny, G. A. Deep-level Minec of the Rand ......... . . 4to, *ro 00 

— — ■ Biamond BrilUng for Gold *5 on 

Be Rooa, J. X>. C. I 4 nkagee. (Science Series No. 47.) .. . ibmo, 050 

Berr, W. L. Block Signal Operation. Oblong tamo, *150 

Malntenance-of-Way B^lneering. (/n J*rr/MsnituiN.) 

Beaaint, A. Three Hundred Shades and Row to Mix Them 8vo, *10 00 

Be VaroIU^ A, Sewer Oases. (Science Series No. ss.) idano, o go 

Devey, R. G. Mitt and Factory Wiring. (Installation Manuals Series.; 

xji»0| *1 00 

Dihdin, W. J. Fwlfioatlon of Sewage and Water fvo, d 90 

Dlchnann, Carl. Baaie Open^earth Steel Areeees twoio, *s 

Bleteridb, K. Analyile of Reaine, Balaanu^ and Otun Realna. . . .giro, *3 75 
BUworth, B. C. Steel Railway Bridges 4toi. *4 00 

XHnger, Uent H. C. Care and Opecatlott of Naval MaeUaaiy . • • lano, *a 00 
Dixon, B. B. M a c i htel aPa and Steam BagbMer*a PMCtteal Calculator. 

XteMX BMNTQCOO^ X 9 $ 

Bodge, O. F. Btograai for BeslfBlag SeiafoaMtt OoswMtolttraetiitea^ 

MlO, *4 00 
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l>itmrai*t(, W. !■. Mutur ('ai Mcchaniam ...xamo, *2 25 

Uitrri B. F. Thr Surveyor's tluWe uwl Pocket Table-book. 

i6mo, morocco, a 00 

Draper, i’< ll> EU-ineiiury Text-book of Light, Heat aad Sound. .lamo, i 00 

Ural and t)t»’ Pttnnplva of Thermo-dynamics..... xamo, "‘a 00 

Dior, K. W. Mining Formulas lamo, x 00 

DubtHd, K. High Power <5as Engines ...8vo, *500 

I>unieany, I*., and Noyer, J. Wood Products, Distillates, and Extracts. 

8 to, *6 as 

Duncan. W. <1., and Penman, D. The Electrical Equipment of Collieries. 

8vo, *6 75 

Dunkley, W. «. De.-.iRa ol Machine Elements. Two Volumes. 8vo, each, a 50 

Dunstan, A. K., and Thole, F. B. T. Textbook of Practical Chemistry. 

lamo, "‘I 40 

Dttiham, H. W. Saws 8vo, a 50 

Duthie, A. I.. Decorative tllass Processes. (Westminster Series.). 8vo, "a 00 

Dwight, H. 11. Transmission Line Formulas. 8vo, *3 00 

DyaoR, S. S. Practical Testing of Raw Materials 8vo, *5 00 

Dysitn, S. and Clarkson. S. S. Chemical Works 8vo, +xx 50 

Kecles, W. H. Wiieless Telegraphy and Telephony ramo, *8 80 

Kek, .T. Light, Radiation and Illumination. Trans, by Paul 

Kddv, H. T. Maximum Stresses under Concentrated Loads Svo, 1 5® 

Kddv, L. C. I.atwiiatory Manual of Alternating Currents xamo, ^o 50 

Kdelnun, P. Inventoms and Patents ** 5® 

Kdgeumbe. K Industrial Flectrical Measuring Instruments^^.^.^^.^8vo, 

Kdler, R. Switches and Switchgear. Trans, by Ph. Laubach. ..8vo, *4 ®® 
Kissler. M. The Metallurgy of Gold 9 °° 

The Metallurgy «f Argentiferous Lead sv®, e 35 

. . A Handbook on Modem Explosives 5 o® 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams foho, 3 o® 

Electric Light Carbons, Manufacture of " * *** 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualxt^e 

Ellis. C. Hydrogenation of Oils.. 8yo. (/« i'rerrj ^ 

Kills, G. Modem Technical Dra^ng..^.... — ^ 

Ennis, Wm. D. Linseed Ofl and Other Seed Oils • • • • • • 

Applied Thermodynamics 5^ 

■ -lOytog Machines *100 

Vspors for Host Engines. ..... *2 00 

Brmsn, W. F. A. Materials tJsed in ** 00 

Erwin, M. The Hnivtrse and the Atom (Jn Prem.) 

BvaaStC. A. Macadam te^ wads. . 

SwfaM, A. h Ma«B«ti« Induction in Iron 

i2ino, *0 50 

Fairte, J. Hotwi w» xamo, *a 35 

— — ifotaa on Pottacy days..*.** 
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Fiiirley« «nd Andrew (#ro< Vcntilittion of C04I Miitm. Si iritir 


Series No. 5H. i tMon, <150 

Fair^eatheri W. C, Foreign and Colonial l*atrn( Laws Hv^i, 

Falk„ M. S. Cement Moitars and CnnrxeteN avo. «,«. 

Fanning, J. T. Hydraulic and Water-nuppSy Kitginerring Hvo, 

Fay, I. W. The Coal-tar Colors. Hvu» '41.0 

Fernbach, R. X#. Glue and Gelatine H\m» * ^ «ur 

Findlay, A. The Tfenaures of Coal Tar ^ mm 

Firth, J, B. Fractieal Phyairal Chemiatrv tjm**, \ 

Fischer, B. The Preparation of Organic Compcmnds, Trans. l»v K. V 

Stanford 1 4 in«i, t 

Fish, J. C. L« Lettering of Working Orawmgs % uv 

^ Mathematics of the Paper Location <d a Ratltoatt papet, m j*, 

Fisher, H. K* C., and Darby, W. C. Submarine Caiilr Trituig Hvo, • \ %o 


Fleischmann, W. The Book of the Dairy. Trans, hy C. 14 . Atknian. 

H%»i, V» 

FleminK* J. A. The Alternate-current Tranulutmer. Tw«» Hvo. 


Vol. 1 . The Induction of Klectrit* Cutrenfe v> 

Vol. II. The Utilisation ot Induced Curients >,>< 

— ■ Propajcation of Electric Current. «.-<■, i i.m 

— A Handbook for the Electrical Laboratory and TrtiiiiK Rutuii. Twi> 

Volumes Kvo, rai h, <m 

Fleury, P. Preparation and Uses ot White /.iiu' I’aintn hvu, ( 

Flynn, P. J. Flow of Water. tScience Heriea No. K4, > t iitio, o 50 

Hydraulic Tables. (Science Series No. b6.t nmtu, » 50 

Focjfie, J. Shield Tunneling hv«. i • 


Foster, H. A. Blectricsl SnKlneera* I^>ek«t*book. i.sm< uf/, 


Mflio, leather, 5110 


— — Engineering Valuation of Public Utilities and Pactonea Kvti, *.t 00 

— — Handbook of Electrical Cost Data . Kvu /< f < ' 1 

Fowle, F. F. Overhead Tranamisaion Line Croasinga irnio, *t go 

The Solution of Alternating Current Problems Hvo •in I ‘n 

Fox, W. G. Transition Curves. (Science Series No, t to. 1 tOmo, 050 
Fox, W., and Thomas, C. W. Practical Course in Mechanical Draw- 
ing ' timo, 1 JS 

Foye, J. C. Chemical Problems. (Sclsnee Series No. fH>.t ibntii, 050 

—— Handbook of Mineralogy. (Science Series No. fl6. 1 . . (tnno, u 50 

Francis, J. B. Lowell Hydraulic Experiments . 410, 15 00 

Franzes, H. Exercises in Gas Analysia i.nto, *t ttn 

Freudemacher, P. W. Electrical Mining Installationa. dnstaUaiion 

Manuals Series.) tamo, *t »o 

Friend, J. N. The Chemistry of Linseed Oil tamo, t 00 

Frith, J. Alternating Current Design Bvo, *a 50 

Fritsch, J. Manufacture of Chamleal Manuras. Trims, by D. Grant. 

gvo, *6 50 

Ftye, A. L Civil Bsgineerii’ Poekst-book same, leather, *500 

Fuller, O. W. Investigations into the PuriS c a t ton of tho Ohio River. 

4to, *to 00 

Fomeil, J. Points, Colors, Oils, and VaniUhee. .Svo. 


Oalrdner, J. W. L Berthwotk .Svo i/n <nvwa.) 

Gant, L. W. Mementi of Rleotrio IhuttcMi. .... .Svo, *h go 



\ 


* 


\M> 


SHORT TITLE C*\TALOG 


II 


Oiircia, A. J, H. V, Spanish-English Railway Terms. . . . 8vo 

UnuUw, H. A. Paint Resoavchos, and Their Practical ApSplications, 

8vo, 


Oarforthi W, K 
Fifths 
(yatiaitl, C. C\ 


Rutes for Recovering Coal Mines after Explosions and 

Vi * • ‘ til a ; i2ino, leather, 

Kh*rtnr Switch and Controlling Gear. 8vo, 

<;aiulitri!, J . Ktiuntiations. t Science Series No. 34.) i6mo, ' 

C.riir, H. Hint Wiliiams, P. F. Electric Central Station Distaibution 

Systems 3^^ 

tHM'ihKH, H. C. l\ Cane Sugar and Its Manufacture.'! .W ! 8vo' 

Chemical Contiol in Cano Sugar Factories *.4to' 

Oeikie, J. Structural and Field Geology 8vo," 

Mountains. Thoir Growth, Origin and Decay .!!!.!.. .8vo, 

The Anti(|uitv nt Man in Europe 8vo* 

(Jtsugi, K., and Schubert, A. Sheet Metal Working. Trans. ' by c! 

Suiter 8vo, 

<ic« hard, W, 1*. Sanitation, Watersupply and Sewage Disposal of Country 

Houses i2mo, 

• lias Lighting ^Science Series No. in.) i6mo, 


. H«mseh(dd Wastes, t Science Series No. 97.) i6mo, 

' House Dtainage. 1 Science Series No, 63.)... i6mo, 

. Sanitaty IHainage o{ Huildings. (Science Series No. 93.) idnrD, 

(forhaidi, V. W. H. Elect ricitv Meters 8vo, 

tvcschwitiii, L, Manufacture of Alum and Sulphates. Trans, by C. 

Salter 8 VO, 


iJihlnngs A. II. t)il Fuel Equipment for Locomotives 8vo, 

Gibbs, W. E. Lighting by Acetylene i2mo, 

tWbson, A. H. Hvilniulics and Its Application 8vo, 

Water Hammer in Hydraulic Pipe Lines x2mo, 

A. and Ritchie, K. G. Circular Arc Bow Girder 4to, 


*4 SO 
'*'5 00 

I 50 
+6 00 

o so 

*3 50 
**’6 00 
5 00 
*4 00 
**4 00 
*»'3 00 

4 as 

*2 00 
o 50 
o 50 
o So 
o 50 
•^6 00 

*S 00 
*2 50 
*i so 
*•*5 00 
*2 00 
*‘*3 50 


Gilbreth, F. IL Motion Study ismo, *2 00 

Hncklaving System 8vo, ’'3 00 

Field Kvsteiu lamo, leather, '**3 00 


Printer *>f S<*i**ntitic Management i2mo, *i 00 

Gillette, H. P. Handbook of Coat Data lamo, leather, =*5 00 

Rock KH^nvation Methuda and Cost ismo, "'5 00 

and Dana, H. T. Coat Keeping and Management Engineering . 8 vo, ■’•3 so 

and Hill, C. S. Concrete Construction, Methods and Cost 8vo, ’*'5 00 

Gillmme, (»en. 0 . A. Roads, Streets, and Pavements ismo, i 25 

Godfrey, K. Tables for Structural Engineers i6mo, leather, *-2 50 

Golding, H, A The Theta Phi Diagram i2mo, *2 00 

Goldachmldr, K. Alternating Current Commutator Motor 8vo, *3 00 

Ooodchild, W. Precioua Stonee, (Westminster Series.) 8vo, *2 00 

OoodelL J> M. The Location, Construction and Maintenance of 

Roads I 8vo, I 00 

Ooodev^*, T. M« Textbook on the Steam-engine. xsmo, 2 00 

OorttiO. Electrolytic Separation of Metata * 8 vo, *3 50 

Gould* B. S. Arithmetic of the Steam-engine ismo, i 00 

— « CalcttItUk (Science Series No* xia.) i6mo, 0 50 

High Masoxury Dams. (Science Series No. aa.) i6mo, o 50 

Qould* B* 8* Practical Kydrostaties and Hydrostatic Formulas. (Science 

SeBTlea No* xiy.) o 50 
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Gratacap, L. P. A Popular Guide to Minerals Kvo, ‘a <«i 

Gray, J. Electrical Influence Uachines lamo, j >u> 

Marine Boiler Design tamo, ‘i /.<, 

Greenhill, G. Dynamics of Mechanical Plight Hvo, •j go 

Gregorius, R. Mineral Waxes. Trans, by C. S.iltu raino, v* 

Grierson, R. Some Modern Methods of Ventilation Mv«, -.i im, 

Griffiths, A. B. A Treatise on Manures. . umo, .400 

Dental Metallurgy »»«. 4 >'5 

Gross, E. Hops ts 

Grossman, J. Ammonia and Its Compounds .... lamo, *i as 

Groth, L. A. Welding and Cutting Metals by Gases or KJei-tiintv. 

(Westminster Series) hvo, ‘a mo 

Grover, P. Modern Gas and Oil Engines . Kvo, *,4 

Gruner, A. Power-loom Weaving .. Hvo, «>» 

Gninsky, C. E. Topographic Stadia Surveying. . , tc-nto, j tm 

GUldner, Hugo. Internal Combustion Engines. Trans, by !!. Dieitenrhh, 

eto, ’15 iMi 

Gunther, C. 0 . Integration Kvo, *1 a 5 

Garden, R. L. Traverse Tables folio, half moroeeo, *7 ■;«» 

Guy, A.E. Experiments on the Flexure of Beams Kvo, js 

Haenig, A. Emery and Emery Industry . Hvo, '.4 no 

Hainbach, R. Pottery Decoration. Trans., by C. Salter t^mo, 4 jf, 

Hale, W. J. Calculations of General Chemistry ... i4mu. *s 4^ 

Hall, C. H. Chemistry of Paints and l^int Vehicles 1 rmo, * » ou 

Hall, G. L. Elementary Theory of Alternate Current Working Hvo, 

Hall, R. H. Governors and Governing Mechaaism i4mo, '4 so 

Hall, W. S. Elements of the Differential and Integral Calculus Kv4», *i Jts 

Descriptive Geometry Hvo volume and a 4l«» atlas, go 

Haller, G. F., and Cunningham, E. T. The Tesla Coil. ... 1 4mu, *t eg 

Halsey, F. A. Slide Valve Gears 1 smo, 1 50 

The Use of the Slide Rule. (Science Series Ho. 1 14. 1 lAmo, o go 

—— Worm and Spiral Gearing. (Science Series Ro. 1 1 A. > . i6mo, 050 

Hancock, H. Textbook of Meebanlea and Hydrostatics . . Kvo, t 50 

Hancock, W. C. Refractory Materials. ( Metallurgy Series. ) f/o Vu-txA 

Hardy, E. Elementary Principles of Graphic Statics xrmo, *1 50 

Haring, H. Bnginsering law. 

Vol. I. Law of Contract svo, *4 ou 

Harper, J. H. Hydraulic Tables on the Flow of Water ibmo, *4 «s> 

Harris, 8. M. Practical Topographical Surveying. ........( /n /'rm. ‘ 

Harrison, W. B. The Mechanics* Tool-book. 1 amn, x so 

Hart, J. W. External Plumbing Work Hvo, as 

Hints to Plumbers on Joint Wiping .Svo, *4 as 

——Principles of Hot Water Supply.... Svo, *4 as 

Sanitary Plumbing and Drainage .Svo, *4 as 

Haskins, C. H. The Galvanometer and Its Hsea (date, t go 

Hatt, J. A. E. The Colorist tqoan tamo, *1 go 

Hausbrand, B. Drying by Msana of Air and Stsam. Ikaiia. hy A. C. 

Wright lame, *3 00 

Evaporating, Condensing and Cooling Apparatna. Tmcm> by A. C. 

Wright..... ....Svo, *7 ag 
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Hausmann, E. Telograph Engineering.. 8^ ^ 

■‘•““"’hj- A."ssrr. ■ V 

Itawkeswnrth, J. Graphical Handbook to Rewi^ed cin^ete DesK’ 

Hay, A. Omfinuous Current Engineering ol!!** 

Depredation'. ! .8vo, 4 00 

H «I ^‘,1 ^ Value and Return Svo, *a 00 

Hvath, P. H. Chemistry of Photography 8vo. (/j, Press ) 

Heather, H. J. S. Electrical Engineering 8vo *a «o 

Heaviside, (), Electromagnetic Theory. Vote. ‘l and n.'.'.'.'gvo.’each,’ *5 00 

Heek, H. C. H. The Ste.tm Engine and Turbine ... .. . ... ...fsvo, *3 50 

Steam-Engine and Other Steam Motors, Two Volumes. 

Vol. I. TluTinodynamics and the Mechanics 8vo *3 so 

Vol. II, Form, Construction, and Working gvo’ *soo 

■ ■ Notes on Elementary Kinematics . Svoj boards' *100 

Graphies of Machine Forces gvo, boards! *1 00 

H*>ermana, 1 ». Dyers' Materials. Trans, by A. C. Wright lamo *3 00 

Heiilenreu-ii, fc. L. Engineers' Pocketbook of Retoorced Concrete! 

i6mo, leather, *3 00 

Hellof , Miwiiuer and D' Apligny. Art of Dyeing Wool, Silk and Cotton. 8vo, *2 00 

Heurici, (). Skt*U*ton Structures gyp j 

C., ami <h*tinan, K. H. Standard Tables’ of Electro-ciiemical 
F 4 imvali*«ts 

lIcrinKp I>. W. Ksscntial» of Physics for College Students Svo, **'i 75 

Ht^iiug'-Shuw, A. Domestic Sanitation and Plumbing. Two Vols.. .8vo^, *5 oe 

lI«*rinn"Shaw, A. Klemcntary Science 8vo, *2 oe 

Hfuny,tim, C. P. Powdemi Coal as Fuel 8vo, 3 00 

llcrruutnn, D. Tht‘ tSrapliical Statics of Mechanism. Trans, by A. P. 

^****^*' X2mo, 2 00 

J, Tostmn oi Yarns ^and Textile Fabrics 8vo, *‘'6 25 

Jiitit, A, Airships, Past and Present 8vo, 

itiMi'iibtantI, H. 'V. Cable Making. (Science Series No. 32.) . . . .i6mo, o 50 

llibiiteh, T. 1 \ A Ctnunse History of Chemistry x2mo, ‘‘i 25 

Hill, V, S. Com ret I* Inspection i6mo, ***1 00 

Hill, J, W. The Puiiheation of Public Water Supplies. New Edition. 

(In Presfi,) 

Intel pretatiim o« Water Analysis (In Press.) 

Hill, M, J. M. The Theory of Proportion 8vo, *’•'2 50 

Hum, L Plate Girder Construction. (Science Scries No. 95.)...i6mo, o 50 

Statteally-lndeterniinaie Stresses.. xamo, **“2 00 

liirsbfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.) 

x6mo, o 50 

Hoar, A. The Submarine Torpedo Boat T i2mo, '*'2 

Hobart, H. M. Heavy Electrical Engineering 8vo, ^4 

• Heaigtt of Static Transformers lamo, 

-- - Electricity.. 8vo, *2 

——Electric Trains 8vo, *2 5a 

— Slaetrlc Prcpultioti of Ships 8^0, *2 5a 


g S 8 
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Hobart, J. F. Hard Soldvring, Soft Soldfrinn and Bta/inn jimn. M m i 
H obbs, W. R. P. .The Arithmetic of Electrical Measuiemeni'i t. 

Hoff, J. N. Paint and Varnish Facts and Formulas i 

Hole, W. The Distribution of Gas , Hvit, s », . 

Holley, A. L. Railway Practice *> 

Hopkins, N. M. Model Engines and Small Itiints i 

Hopkinson, J,, Shoolbrcd, J. N., and Day, R. K. l>>namu hlei tt»< «tv. 

(Science Series No. 71.) iimm. t> ;,•< 

Horner, J. Practical IronfoundinR. . hvh, .• 1 

— Gear Cutting, in Theory and Practice hvm, ,t 

Horniman, Roy. How to Make the Railways Pay Km the Wai mvi., , . 

Houghton, C. E. The Elements of Mechanu's «1 Mateiials (./iint, .■ 1 

Houstoun, R. A. Studies in Light Production ■ 

Hovenden, F. Practical Mathematics for Young Kngineets umo. t 

Howe, G. Mathematics for the Practical Man . . wimi. t 

Howorth, J. Repairing and Riveting Glass, China and Kailhenwan-. 

Hvo, pa|>ei, in. 

Hoyt, W. E. Chemistry by Experimentation Hvo, •> y.t 

Hubbard, E. The Utilization of Wood waste Hvo, .i n . 

Hiibner, J. Bleaching and Dyeing of V(>getabt(> and Kthtutis Mateitals. 

(Outlines of Industrial Chemistry.) Hvo, ti.i 


Hudson, 0 . F. Iron and Steel. (Outlines of Industrial Chemistiy. i.hvo, ion 
Humphrey, J. C. W. Metallography of Strain. ( Metallurgy Se»cs. » 

t !h /‘f . ,»* > 

Humphreys, A. C. The Business Features of Kngiue(>rinK Piai'ticc ,Kvo, t i;, 


Hunter, A. Bridge Work Mvo. > '», • 

Hurst, O. H. Handbook of the Theory of Color Hvo, 'a j-,, 

Dictionary of Chemicals and Raw Products ...ttvo, '^b ss 

— Lubricating Oils, Pats and Greases .....8vo, *f a$ 

Soaps «vo, *7 as 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils. .... Kvn, 4 as 

Hurst, H. E., and Lattey, R. T. Text-book of Physics Hvo, tx* 

Also published in three parts. 

Part I. Dynamics and Heat. *t as 

Part II. Sound and Light. aS 

Part III. Magnetism and Bleettieity " 1 So 


Hutchinson, R. W., Jr. Long Distance Electric Power Trenamisaiott. 

lamo, *3 00 

Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in Mining, tamo, 

Iftt I'rmn,) 

Hutchinson, W. B. Patents and How to Make Money Out of Them. 


« ^ ^ ^ . lamo, t 00 

Hutton, W. S. The Works' Manager's Handbook 8vo, « 00 

Hyde, E. W. Skew Ardhee. (Science Series No. xa.) x 4 mo, o so 

Hyde, P. S. Solvents, Oils, Gums, Waxes 8vo, •s 00 

Deduction Colls. (Science Series No. S3») xSmo, o so 

Ingham, A. E. Gearing. A practical treatise 8to, •» so 

Ingle, H. Manual of Agricultural Cbemiatxy 8vo, *4 eg 
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Xnm»ss, C. H. Problems in Machine Design 
Air Compressors and Blowing Engines . 

CentniugnI Pumps 

Thv Kan 


.i2m0| 

x2mo, 

. z2mo» 
.ismo, 


Jucf>b, A., anil Gould| £• S. On the Designing and Construction of 

Storage Beservoirs, (Science Series No. 6) i6mo, 

Jiinnetta/« K. Chiide to the Determination of Rocks. Trans, by G. W. 


Vlympton 

,li»hl, K. Manufacture of Carbons 8vo, 


J i*niungs, A. S. Commercial Paints and Painting. (Westminster Series.) 

8vo, 

Jeiuiisiin, K. H. The Manufacture of Lake Pigments 8vo, 

Ji^psoitv if. Cams and the Principles of their Construction 8vo, 


Mechanical Drawing 8vo (/w Preparation.) 

Jervis Smith, K, J. Dynamometers i..8vo, 


Jorktn, W. Arithmetic of the Gold and Silversmith lamo, 

Jtihnson, J. H. Arc Lamps and Accessory Apparatus. (Installation 

Manuals Series.) lamo, 

Johnson, T. M. Ship Wiring and Fitting. (Installation Manuals Series.) 

lamo, 

Johnson, W, McA. The Metallurgy of Nickel (/w Preparation.) 

JohnsttTxi, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and C?eology lamo, 

July, J4 Radioactivity and Geology lamo, 

Jones, H. C. Electrical Nature of Matter and Radioactivity x2mo, 

—— Nature of Solution 8vo, 

New Era in Chemistry zamo, 

Jones, J. H. Tinplate Industry 8vo, 

Jones, M. W. Testing Raw Materials Used in Paint lamo, 

Jordan, L. C. Practical Railway Spiral i2mo, leather, 

Joynson, F. H. Designing and Construction of Machine Gearing . ,8vo, 
Jupjnvx, K. F, V. Siderology; The Science of Iron 8vo, 


13 

*3 00 

^4 00 


0 50 

1 50 
*4 00 

*4 00 
*3 00 
*i 50 

***3 50 
*I 00 

*0 75 
*0 75 


2 60 
*^3 00 
*2 00 
’*'3 50 
*•*2 00 
*3 00 
*‘‘3 00 
*x so 
2 00 
’’*6 25 


KapP|Cr» Alternate Current Machineiy. (Science Series No. 96.). x6mo, o 50 

Ka2>pei, F. Overhead Transmission Lines 4to, ’*'4 00 

Keun, A. W. Prevention of Dampness in Buildings 8vo, *3 00 

Keller, S. S. Mathematics for Engineering Students. i2mo, half leather. 

and Knox, W. K. Analytical Geometry and Calculus *“2 00 

Kelsey, W. R. Continuous-current Dynamos and Motors 8vo, *2 50 

Kemble, W. T,, and Underhill, C. R. The Periodic Law and the Hydrogen 

Spectrum 8vo, paper, *0 50 

Kemp* J. F- Handbook <rf Stocks 8vo, *x 50 

Xexmedyt A. B. W., end Thurston, R« H. Kinematics of Machinery. 

(Sdence Series No. $4*) x6mo, o 50 

Keimedy, A* B. W*, Unwin, W. C., and Idell, F. E. Compressed Air. 

(Sdeoee S^ea No. xo6.) i6mo, 


o so 



ir» 1>. VAN NtlSTKANfi I t>.'S SHOUT "HM I 


Eenned7, R. Electrical Inatallations. Five Volumes 4'«. i*. ‘u 

Single Volumes ••“fl*. .t S« 

Flying Machines; Practice and Design u.ii-i. j 

— Principles of Aeroplane Construction 

Eennellyt A. E. Electro-dynamic Machinery Hiu, i 50 

Kent, W. Strength of Materials. (Science Series No. 41.' 050 

Kershaw, J. B. C. Fuel, Water and Gas Analysis Hv.», ' t 50 

Electrometallurgy. (Westminster Series. 1 , Hvt>, 't »«» 

The Electric Furnace in Iron and Steel Production . 1 /mo, 

Electro-Thermal Methods of Iron and Steel P>uiliti'iiii:i mvo, * 

Kindelan, J. Trackman's Helper « mo, ) on 

Kinzbrurmer, C. Altenute Current Windings livo, ‘ 1 50 

— Continuous Current Armatures Kvu, ' 1 50 

Testing of Alternating Current Machines dvo, *400 

Kirkaldy, A.. W., and Evans, A. D. History ami Kumiinu. n ut 

Transport Hvo. .< o.* 

Kirkaldy, W. G. David Kirkaldy's System of Mechanical Ti*Nt»ng .jto, 10 uu 

Kirkbride, J. Engraving for Illustration kvo, > 7;, 

Kirkham, J. E. Structural Engineering svo, s t»t 

Kirkwood J. P. Filtration of River Waters 4to> 7 5<> 

Kirschke, A. Gas and Oil Engines i/mo, > 

Klein, J. F. Design of a High-speed Steun-engine . Kvn, *5 «)o 

— — Physical Significance of Entropy Hvo, 50 

Klingenberg, G. Large Electric Power Stations ilo, s 00 

Knight, R.-Adm. A. M. Modern Seamanship hvo, o v 

——Pocket Edition ismo, (abiikmii, t«o 

Knott, C. G., and Idackay, J. 8. Practical Mathematics Hvo, / 00 

Knox, G. D, Spirit of the Soil t/iuo, 1 tf, 

Knox, J. Physico-Chemical Calculations.... i/mu, ’1 

—Fixation of Atmospheric Nitrogen. (Chemical Monographs, t umn, t <k* 

Koester, F. Steam-Electric Power Plants 4tn, *5 00 

Hydroelectric Developments and Engineering 4to, *5 00 

Koller, T. The Utilisation of Waste Products svo, 'o s» 

— — Cosmetics Hvo, ’.too 

Koppe, S. W. Glycerine i/mo, ‘4/5 

Kozmin, P. A. Flour Milling. Trans, by M. Falkner Hvo. 7 50 

Kremann, R. Application of the Physico-Chemical Theory to Tech 
nical Processes and Manufacturing Methods. Trans, by H. 

B. Potts Svo, *,t 00 

Kretchmar, K. Yarn and Warp Sizing... Bvo, *6 49 

Laffargue, A. Attack in Trench Warfare ....tdmo, 050 

Lallier, E. V. Elementary Manual of the Steam Engine lamo, *a 00 

Lambert, T. Lead and Its Compounds.... Bvo, *4 15 

— Bone Products and Manures....' Bvo, *4 15 

Lambom, L. L. Cottonseed Products Svo, "j 00 

Modern Soaps, Candles, and Glycerin 8vo. *7 so 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by C. Siriter.Bvo, *6 sg 

Lancaster, M. Electric Cooking^ HeatlBg and Cloanlng .Bvo, *1 00 

Lanchester, F. W. Aerial Flight. TwoVolumos. SvO. 

Vol. I. Aerodynamics .....v. 

Vol. H. Aerodonetics. OS an 
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K. W, The Flying Machine 8vo oo 

nuiustrial Knj;ineerinK: Present and Post-War Outlook. V.i2mo! i oo 

K. H. Hy 1 roduotn of Coal-Gas Manufacture i2mo, 3 00 

K. T. Principles of Alternating Currents ' . . . . i2mo.' -"i 25 

Ui K«*s H. F. Swing Bridges, (Science Series No. 107.) .... i6mo, o 50 
Lassar-Ctdin. Dr, Modern Scientific Chemistry, Trans, by M. M. 

Palti.stm Muir i^mo] *2 00 

L.itinirt, L, H., hiehl, C. J., and Howell, J. W. Incandescent Blectric 

Ughting. ‘Science Series No. 57.) i6mo, 050 

kuttu, M. N, Handbook of American Gas-Engineering Practice 8vo, *4 50 

American Product^ Gas Practice . . 4to, *‘6 00 

H. (!. Stability and Equilibrium of Floating Bodies .. .8vo*, '3 50 

W, H. Hutish Railways. A Financial and Commercial 

^'**'**'* 8vo, 2 00 

L<-a:.k, A, R. Breakdowns at Sea i2mo, 2 00 

Refrigerntmg Machinery i2mo, 2 00 

I,etkv, S. T. S. “Wunkles” in Practical Navigation 8vo, 10 00 

Danget Angie i6mo, 2 50 

Le Dijux, M. Making Machines. (Science Series No. 46.) i6mo, o 50 

I.etHb, f. C. Meeli.iunMl Drawing lor Tiade Schools . oblong 4to, '2 00 
Mi*, hainral D’awnng loi High and Vocational Schools . . . .^to, ' i 25 

Le*evie, L. Architectural Pottery. Trans, by H. K. Bird and W. M. 

Bnin.-, 4to, '8 50 

l.eluiM* S. Itik Manul'actuie. Ti«'tns. by A. Moiris and H. Robson 8vo, ’3 00 
hem trem, %S Klectiicity in Agriculture and Horticulture ....8vo, *1 50 

I* , A. Knntlamental Problems in Chemistry . ... 8vo, *200 

he Van, W, H. Sieaiii-Kngine Indicator. (Science Series No. 78.)i6mo, o 50 
he Wes, V, B. Liquid and Gaseous Fuels. (Westminster Series.) 8vo, ‘2 00 

C‘ar htuu/atmn ol Coal . ..... . 8vo, ’400 

l.fwis, h, P. Railway Signal Engineering . .. 8vo, ^3 50 

hew i'* Aiitomatii' Machine Rifle: Opeiation of i6mo, *075 

huh*, n. K. Rtvieations in Mathematics i2mo, 'i 25 

liihei, B, K, hiebep.s Five Letter vStandard Telegraphic Code . 8vo, ‘10 00 

<Nule, tJerman K<lition 8vo, '‘10 00 

Spanish Edition 8vo, ‘10 00 

Kremh Edition 8vo, -*10 00 

Terminal Index 8vo, “2 50 

hieberhs Appendix folio, *15 00 

Handy Tables , . 4to, *2 50 

Bankers uiul Stockbrokers’ Code and Merchants and Shippers’ 

Blank Tables 8 vo, *15 00 

1 on, Combination Code 8vo, *10 00 

Knuinefiring Code ^"*^0, *^12 50 

Livermore, V* P., and Williams, J. How to Become a Competent Motor- 

man 

Livinastono, R* Design and Construction of Commutators 8vo, *2 25 

Mechanical PeHign and Construction of Generators 8vo, *'‘3 50 

Lloyd, S. L- Fertlliafer Materials (Tn Prrss') 

Lobben, P. Machinists* and Draftsmen’s Handbook 8vo, 2 50 

Lockwood, D* Blectiicity, Magnetism, and Electro-telegraph 8vo, 2 50 

Blectrical Measurement and the Galvanometer i2mo, o 75 
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Lodge, O. J. Elementagr Mechnnics . timo, i 50 

— - SignftUing Acrow Space without Wires Hvo, *4 <h> 

Loewenstein, Li C., and Crissey, C. P. Centrifuitai Pumps *4 50 

Lomax, J. W. Cotton Stunning ... i.imo, t 5*1 

Lord, R. T. Decorative and Fancy Fabrics Bvo, ’4 as 

Loring, A. B. A Handbook of the Biectromagnetic Telegraph . ibmo o 50 

--•Handbook. (Science Scries No. jo.) 16m, 0 !(o** 

Lovell, D. K. Practical Switcliwnrk lainu, *t m* 

Low, D. A. Applied Mechanics (Elementary) thmu, » Kti 

Lubschez, B. J. Perspective lamo, *1 50 

Lucke, C. E. Cos Engine Design Kvo, *3 no 

Power Plants; Design, Efficiency, and Power ‘Costs, a vols. 

(/h /Vt/Hiri(ln>« ( 

Luckiesh, M. Color and Its Application Mvo, ',t (s> 

Light and Shade and Their Applications Mvn, ’i 

Lange, O. Coal-tar and Ammonia. Three Volumes Hvu, 45 (hi 

>• — Technical Gas Analysis..., . . . 8vo, '4 50 

——Manufacture of Sulphuric Acid and Alkali. Pour Volumes ...Hvn, 

Vol. 1 . Sulphuric Acid. In three parts . . . uo 

^Vol. I. Supplement '. .Kvo, $ no 

Vol. 11 . Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts I /•( I 

Vol. III. Ammonia Soda hi /';■*».(.) 

VoL IV. Electrolytic Methods i/w ) 

Technical Chemists’ Handbook lamo, leather, *4 00 

Technical Dflethods of Chemical Analysis, Trans, by C. A. Keane 

in coUaborstion with the corps of specialists. 

Vol. L In two ports Rvo, *1$ 00 

Vol. IX. In two parts 8vo, *iH 00 

Vol. HI, In two porta Kvo, *1# «o 

The set (3 vols.) complete *50 00 

Luquer, L. M. MiAwroto in Rock Sections ,8vo, *t so 


MocBride, J. D. A Handbook of Practical Shipbuilding, 

ismo, fabrikold (/« /Vew.) 


Mscewen, B. A. Food Inspeetion Bvo, 

Mookenade, N. F. Notes on Irrigation Worka 8vo, 

Mackie, J. How to Hake a Woolen Hill Pay 8vo, 

Maguire, Wm. R. Domestlo Sanitary Dndnoge and Plumbing . . . .8vo, 

Malcolm, C. W. Textbook on Graphic Statiea 8vo, 

Malcolm, H. W. Submarine Telegraph Cable (/n /’reaa.) 


Mallet, A. Compound Engines. Trans, by R.R. Bud. (SoUnea Series 

No. xo.) i6ino, 

Moniffield, A. N. Blectro-xnagnets. (Selenoe Series No. ^.) . . . sdme, 
Maries, B. 0 . R. Construction of Cranes and Liftiiig Machinery. . xsmo, 
Censtrtiction and Woiklng of Pumps xsnM, 

MenuEsfitiire Ron and Sted Tubes .SMSto, 

Mech ifr jtos l Engltteeriiig Mateos, * « e I 

" • 
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*a sg 

4 00 
*3 00 


o go 
•a 00 
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Maf'.h, C*. K- Com ISC* Trt*atiso chj R«*iiifcirce<l Concrete 8vo, 

Kc*mtinc.o<! t'uuci l it* c'oiuprossiou Mt*mbc‘r Diagram. Mounted on 
t loth Hi>atds . . 

M.u.sh, C, h\y and Dunn, W. Manual t»f Ueiuforced Concrete and Con- 
ifi'tt Itlni b Ciin a niftiofi . , uuuo, taluiUoui t/n 

Mai shall, W. j and Sankey, !l. K. t,;as Kngines. » Westminster Series.) 

8vo, 

Maifin, iuunijih'. and Wonders of Moileni Chemistry , . .8vo, 

Model n Chi*ttn^li\ .ind U Wonders . .. Bvo, 

Maitin, N. Diopt^ities and Dc'.^ijtu of Reinforced Concnde . , ,121110, 

Maitin, W D. Hints to I* nj-ineios lauio, 

Mass!**, W. W , and thidt*thdl, C. R. Wirtdess Telegraphy and Telephony 

r2mo, 

Mathid. U I' Inleinai Coinhn’%tum Kny.iiu-s ... 8vo, 

Maunee, \\\ l-h ctne HUednig Apparatus and Explosives . . . 8vo, 

- ishot l*uei*‘ (fiuth* . . 8vo, 

Masvtil, I- Sid|hitaliu» in Wh:te Sugai Manut ariure 121110, 

Maxwell, I. t . Matte*!' and Motion, tScnuice Series No. 3O.), 

161110, 

Maxwell, \V. U., ami Hiovn, |. T. Encyclopedia of Municipal and Sani- 


‘2 


I 50 


00 

00 

00 

50 

50 

00 

00 

50 

50 

75 
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tai\ Enginei-nng 

M ivei, A, M. J ectute Notes on Physics 
Mavei, C. am! Slipp\, I. C* lelephom 

M»CuUouv'.U. I- Pi.otoal SutxeMUg 

l-npimnui^ Wmk in Citie*. anti Towns 

Reinlon eti Cent let* . . 

Me funou‘»h, K. S. Mc’chanical Theory of Heat 
Methidnm W, t Palie itot lhagtanu. lor Matine Knv.ineeis 
Maum lMiv‘5ueeiv* Piawuig Hook 
Mcthhlum, W. t* Maum* Kngineeis Pockelhook 
MiJntoMi, T fl Te«hm»higv ot Hugai 

Indii*ftsi1 Ah «‘hol . 

Manutac tine o| Varnishes and Kindred Industrie's. 

Kxc*, 

VoJ. I. Oil t'TUslung, Ht'fining and Hoiling. 

Vol. n V..nii:h Matenah'. and Oil Varnish Making 
V.d, III. pit It Varnrdie,*! and Materials 
M K tv, \V. fundamental Principles «l 


. 4 to, ■ 
8 vo, 
.8vo, 

. X '2X110, 

8vo, 

I-MllO, 

Bvo, 
8 vo, 

.oblong 4 to, 

. . . laxno, 

8vo, 

Bvo, 

Three Volumes. 


o 50 

lo 00 

2 00 
■-3 00 
'2 00 
■3 00 

3 
>'2 


50 

SO 

50 

50 

00 

25 

25 
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25 

25 
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Telephone Business. 

Kvo. i /it /'/-c.v.v. ) 

McKillnp. M, and M*K*1h>p, A. I>. Klliciency Methods lamo, 

MeKmght, 3 P, ami Brown, A. W. Marine Mult itiibular Boilers H 50 

McMar;t<T» J. P. Bridge ;uul Tunnel C'entres. (Science Series No. 20.) 

i6ino, 

McM»’cU«'n, F. I.. T**st*i far Minerals and Motala ismo, 

Mel*h<‘rr»n, J. A. WBt«*r-w«rks Distribution 8vo, 

M«>adi*, A. Mitdfin <ias Works Practice d'co, 

M(.ade. K. K. Dfiitn and K<|mp«irnt of Small Chemical Laboratories, 

8vo, 

McUck, C. W. Dairy Laboratoty Outdo lamo, 

Mensrb, L, J. RwntorciNi Concrete Pocket Book i6mo, leather, 

Merck, B. Cbemica! KoAxmta; Their Purity and Tests. Trans, hy 

XE K 1* ......**.t»f‘*»*»»******'***’***‘***’‘* 

Metiralf, J. H. Wete* and Pormnlae for JKninit Students lamo, 

Merritt, Wm, H. Field Twting for Gold and Silver. ... iSmo, leather, 


I 50 


o so 

*I 00 

2 5c 
+8 50 


'I 35 
<4 00 

1 00 
X 50 
2 00 
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Pei kin, F M, Piaolual ^ 7 ‘thuds *>» j[nuii‘.aiiu Chtini'tsv . ‘U.*, t 

Perrin, J. Atoms , , 

and Jajt>*eiSj f M i'leinent.iiv Chet»iisti\ ■< u'o, 

Pernne, F, A C. Cuiuhuiui,. fi»i hle» tin al IhsfnlKittua s i 

Petit, Cr. White Lead and /me White Paint* , 

Petit, R- How tu Huihl an Aeroplane. lr%in* h\ I (FU. Huttuiid, a M 

J. H. Ledeboer ‘’i' » » 

Pettit, Lieut. J S. t 5 raj>hu PxiKeuhei». iSin m e Sene*. v^* o i 

Philbrick, P IL Hejuus and iJiiders. rSi »eiue Sen***, .h**'. S.s,. nuittf, 

Phillips, I (h>Jd Assavinn '*'•»» * 

— - Dangerous CJoods ..., . S\.?, ^ 

Phin, J. Seven lM>Uies <»t Seiem e» t *uu>, i , 

Pickworth, C. N. The Indieatoi llandhook. I wo Volume. i mi o. rnt* h, » c» 
-- Logarithms for Beginners *u»ar*l , •. o 

. The Slide Kale . mo, i 

Pilcher, R H, and Butlei Jones, K What Induin' 0 \m - t htoni U 

Science t *100, 1 s . 

Plattner’s Manual ot iUow-pipe Analvr i Highth Kdttnm, x eii * d. 1 j an . 
by JI B. Cornwall 

Plympton, G. W, The Aneioid Butometei t Science Senei4 jNo r'otot, *t to 

— How to became tin Phigineex. tSi teiue Senes Ni>. loo. fimo* o »u 

Van Kostrand’a Tablo Book, (Science Sexies. No, i»>4 iton », o 

pochet, M. L. Steam Injectors, Translated fxom the Firm h. Sneiue 

Sexies No, . . lO n«>, m * fj 

Pocket Logarithms to Foux Places. tSueme Senes No. 6f,, ifon**, •» o 

I i 00 

PoUeyn, F. Dressings and Finishings for Textile Fabnc.*. Svn^ i>o 

Pope, F. G, Organic Chemistry . . t muo, ^ ‘4 i 

Pope, F, L. Modem Practice of the Kiel trie lelegiaph N\o, i *> 

Popplewell, W. C. Prevention of Smoke.., . . . hvo, a ,’S 

Strength ot Materials hvo, / 

I^ointt, B D, The Chenu.stiy of Ruhbeu (Chemical Monu‘»»aidi , 

Ne. 3 l . . J niv', t t f> 

Porter,! R. Heliroptei Ikying Mathine . t mhu, t cm 

Potts, H. E. Chemistry of the Rubber Industry. (Outlme*, of Indus- 
trial Chemistiy) hvo, / ‘ai 

Practical Compounding ct Oils, Tallow and Grease,. t 

Pratt, K- Boiler Draught . i/mo, 

- —High Speed Steam Engines hvo, / tu 

Pray, T., Jr. Twenty Years with the Indicator Hvo, f,ik 

Steam Tables and Engine Constant Hvf>, *» 00 

Prehni, C. Earth and Rock Excavation Hvo, * I <10 

Graphical Determination of Earth Slopes Hvo, * 00 

— Tunneling. Hew Edition Hvo, *3 00 

Dredging. A Practical Treatise Hvo, *3 oo 

Prescott, A. B. Organic Analysis. Hvo, ^ 00 

Prescott, A. B., and Johnson, O. C. Qualitative Chemical Analv«lM Hvo* "*3 so 

Prescott, A. B,, and Sullivan, E, C* First Book in Qualitative Chemistry. 

r>mo, VO 

Prideaux, K B. R. Problems in Phveical Chemistry. ........... Rvo, ***» 00 

The Theory and Use of Indicators Rvo, 5 00 

Primrose, G. S. C, 2 iinc, (Metallurgy Series.) .,(/» 
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C». T. KIiiw ttl Water isnio, *a oo 

Pullen, W. W. K. Application of Graphic Methods to the Design of 

Structures *2 50 

Injectors: Theory, Construction and Working xemo, ■'•a 00 

Intiiivitor DtaKxams gyo^ 1*2 50 

KrtKim* IVstuiK ‘s 50 

putsrli, A. (fits anti Coal-dust Firing 8vo, *3 00 

l>vnchon, T, K, Introduction to Chemical Physics ; , . .8vo, 3 00 

Uuftrr C», W Mt*4*httnics of Ventilation. tScience Series No. 33.) . i6mo, o 50 

'Potahh* WattT. t Scioncc Series No. 103.^ r6mo, o 50 

Tn atment of Septic Sewage, i Science Series No. 118.) . . . lOmo, o 50 
Kufter,C. W., and Suker, M. N. Sewage Disposal in the United States. 

4to, *6 00 

Kaikes, H. P. Sew*age Disposal Works 8vo, *4 00 

Nandau, 1\ Knameis and Knamelling 8vo, *'*7 25 

Kankiius W. J. M, Applied Mechanics 8vo, s 00 

Civil Kngimn*ring 8vo, 6 50 

Machinery and MillwHirk... 8vo, 5 00 

- The Steam-engine and Other Prime Movers 8vo, 5 00 

Kankiius W. J. M., and Dumber, E, F. A Mechanical Text-book.. . .8vo, 3 50 

Kt-insoine, W. H. Freshman Mathematics i2mo, 'i 35 

Huphaety K. C. l.ocuH/ation of Faults in Electric Light and Power Mains. 

8vo, 3 50 

E;rch, K. I lectiic Arc Phenomena, Trans, by K. Tornberg 8vo, '2 00 

Kathhone, U. L. U. Simple Jewellery 8vo, ^2 00 

Kateatiy A* FU»w of Steam through Nozxles and Orilxces. Trans, by H. 

D. Pry don 8vo ***’i 50 

Eauyenherger, F, The Theory of the Recoil Guns 8vo, *-5 00 

Uautenstrauch, W, Notes on the Elements of Machine Design. 8vo, boards, 50 
Knutenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 
Design. 

Part 1 . Machine Drafting 8vo, *t 25 

Part n. Empirical Design {In I*re))<mit(on,) 

Raymond, K. H. Alternating Current Engineering lamo, ^2 50 

Kiiyner, H. Silk Throwing and Waste Silk Spinning 8vo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades, 

8vo, ’ 6 50 

Recipes lor Flint Glass Making xamo, '5 25 

Rodforn, J. B., and Savin, J. Bells, Telephones (Installation Manuals 

Series*) . i6mo, ’**0 50 

Redgrove, H. S» Experimental Mensuration ramo, 4 25 

Redwood, B« Petroleum* (Science Series No* 9^0 x6mo, o So 

Reed, S. Turbines Applied to Marine Propulsion ‘*'5 00 

Reed*s Rnglneeri* Handbook 8 vo, *^9 00 

Hey to the Nineteenth Edition of Reed’s Engineers’ Handbook. .Svo, 4 00 

Useful Hints to Sea-going Engineers xamo, 3 00 

Reid, E. E, Introduction to Research in Organic Chemistry. (In Pr(*ss.) 

Retd, B. A. Concrete and Reinforced Concrete Construction Svo, ^5 00 


ttdnliardl^ 0 » Wt X^eMiring for Xhraftsmen, Engineers, and Students. 

oblong 4to, boards, x 00 
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Reinhardt, C- W* The Technic of Mechanica! I>rafti«y, 

oblonjKt boards, i i»o 

Reiser, F. Hardening and Tempering of Steel. Tram*, by A. Mttrris and 


H. Robson * 4»«o< 

Reiser, N. Faults in the Manufacture of Woolen Hoods. Trans, hy A, 

Morris and H, Robson Hvo, ' tiii 

- -* Spinning and Weaving CalcuUitons Hv«, u /s 

Renwick, W. 0 . Marble and Marble Working . Hvti» n on 

Rculeaux, F. The Constructor. Trans, by H. H. Sup*ei‘ 4to, 4 ik. 

Reuterdahl, A. Theory and Design of Reinforced Coactetc Arches Hvo, ^ «»i» 

Rey, Jean. The Range of Electric Searchlight Projectors kvo, 4 v» 

Reynolds, O., and Idell, F. £. Triple Expansion Engines, i Self are 

Series Ito. 00*^ tAnm, 0 go 

Rhead, G. F. Simple Structural Woodwork.. ijtmo, ag 

Rhodes, H* J. Art of Lithography Kvo, 0 50 

Rice, J. M., and Johnson, W. W« A New Method of Obtaining the Differ- 
ential of Functions x.rmo, o go 

Richards, W. A. Forging of Iron and Steel rjtmo, t 

Richards, W. A., and North, H. B. Manual of Cement Testing. lamo, 50 

Richardson, J. The Modern Steam Engitie .... Hvu, go 

Richardson, S. S. Magnetism and Electricity. .... . sj^nut, 00 

Rideal, S. Glue and Glue Testing. hvo, *u go 

Riesenberg, F. The Mon on Deck liimo, { no 

Rimmer, £. J. Boiler Explosions, Collapses and Mishaps Bvo, ^ 1 75 

Rings, F. Concrete in Theory and Practice. i^mo, * jr 50 

— — Reinforced Concrete Bridges 4to, 00 

Ripper, W« Course of Instruction in Machine Drawing. . fedio, <»> 

Roberts, F. C* Figure of the Barth. (Science Series No. 79.) ..... xbmo, 0 50 

Roberts, J., Jr. Laboratory Work in Electrical Engineering , .Svo, *4 00 

Robertson, L. S. Water-tube Boilers Bvo, a 00 

Robinson, J. B. Architectural Compo^tion. Bvo, *a 50 

Robinson, 8. W. Practical Treatise on the Teeth of Wheels. (Science 

Series No. 24*} ...... x6mo, 0 50 

Railroad Economics. (Science Series No. 5o«} x6mo, o $0 

Wrought Iron Bridge Members. (Science Series No. 60.) i6mo, o 50 

Robson, J. H. Machine Drawing and Sketching 8ve, 00 

Roebling, J. A. Long and Short Span Railway Bridget folio, as 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry. ...... .gvo, s 00 

— Elements of Industrial Chemistry lame, ♦goo 

Manual of Industrial Chemistry 8vo, ♦g 00 


Rogers, F. Magnetism of Iron Vessels. (Science Series No. go.) . x6mo, o 80 


Rohland, P. Colloidal and CrystaUoidAl State of Matter. Trane, by 
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